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INTRODUCTION 


Like  automotive  transportation,  aviation  can  pro- 
gress  EFFECTIVELY   ONLY  AS   FAR   AS  THE  STATE    OF    ITS  GROUND 
FACILITIES   PERMITS,      UNFORTUNATELY,    THE   MAINTENANCE  AND 
IMPROVEMENT   OF    GROUND   FACILITIES   HAS   UP   TO   THE  PRESENT 
BEEN    LARGELY   DIVORCED   FROM   THE   TECHNICAL   DEVELOPMENT  OF 
THE   AIRPLANE    ITSELF,     THE   SIZE   AND   SPEED   OF  AIRCRAFT, 
THE    POWER   OF   THE   ENGINES   USED,    AND  THE   FUNCTIONS  AND 
RESPONSIBILITIES   OF   THE    FLEDGLING    INDUSTRY   HAVE   ALL  BEEN 
PUSHED   AHEAD   OF   THE   GROUND   FACILITIES   UPON   WHICH  THEY 
MUST   DEPEND.      AIRPLANES   HAVE    INCREASED    IN   SIZE   AND  SPEED 
BEYOND   THE   CAPACITIES   OF   MOST  EXISTING  AIRPORTS. 

THE    STEPS   BEING   TAKEN    BY  THE  ClTY  AND  COUNTY  OF  SAN 

Francisco  to  bring  its  airport  abreast  of  present  and 
foreseeable  future  demand  show  a  commendable  initiative. 
Only  through  the  nationwide  exercise  of  similar  foresight 
can  the  full  potential  benefits  of  aviation  be  realized. 

Until  all  the  country's  air  navigation  and  traffic 
control  systems,  major  air  terminals  and  related  ground 
facilities  have  been  brought  up  to  date,  the  airlines  will 
be  unable  to  provide  absolutely  safe,  reliable,  and  effi- 
cient public  service.    and  until  they  can  provide  such  a 
service,  the  airlines  will  be  unable  to  rise  above  the 
present  plateau  in  their  development.    a  study  recently 
made  by  New  York  airline  officials  illustrates  the  im- 
portance OF  THIS  STATEMENT.     THIS  STUDY,   REPORTED  IN 

"Aviation  Daily",  revealed  that  35  per  cent  of  the  de- 
crease in  load  factors  in  the  New  York  area  is  associated 
with  the  unreliability  of  scheduled  air  service.    it  also 
showed  that  90  per  cent  of  all  passenger  complaints  were 
connected  in  some  way  with  the  undependab i l i ty  of  air 

TRAVEL.     WE  MUST  BEGIN  TO  THINK   AHEAD    IN   AIRPORT  DESIGN 
AND   CONSTRUCTION.      OUR  COMMUNICATIONS  SYSTEM    IS  ESSENTIAL 
TO  BOTH  OUR  NATIONAL  ECONOMIC   HEALTH  AND  TO  OUR  NATIONAL 
SECURITY. 
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For  some  time  to  come,  the  nature  of  terminal  facili- 
ties WILL   BE   CONDITIONED  BY  THE   LIMITATIONS  OF  THE  HUMAN 

pilot.    Plane  size,  maneuverability  and  approach  speeds, 
traffic  control  methods,  and  landing  aids  must  all  be 
within  the  grasp  of  human  physiology  and  psychology. 
However,  the  time  of  automatic  flight  control  is  approach- 
ing,  AND  THE   AIDS  WHOSE    IMMEDIATE    INSTALLATION    IS  ESSEN- 
tial for  use  by  a  human  intermediary  should  also  be 
adapted,  where  possible,  to  integration  within  the  "super- 
human" flight  era  which  is  to  come.    some  of  these  aids 
will  be  outmoded  when  that  era  arrives,  but  there  is 
certain  to  be  a  transition  period  of  considerable  length 
in  which  both  types  will  be  used. 

as  practiced  at  the  present  time,  landing  and  take- 
off in  instrument  weather  is  accomplished  by  means  of 
combining  information  from  different  sources.  pilots 
make  use  of  instrument  indications  and  visual  indications, 
together  or  in  sequence,  as  each  is  more  appropriate  or 
dependable.    the  usual  sequence  is:  (l)  radio  range  let- 
down to  approach  altitudes  and  position,  (2)   i ls  landing 
approach,  and  (3)  visual  guidance  during  the  terminal  and 
touchdown  stages  of  the  landing.    the  radio  range  station 
should  always  be  considered  a  part  of  the  terminal  facili- 
ties as  well  as  of  the  airways  control  system. 

Radio  ranges  and  instrument  landing  systems,  as  in- 
stalled  AND  MAINTAINED   BY  THE  ClVIL  AERONAUTICS  ADMINIS- 
TRATION,   ARE   EXCELLENT   AND    DEPENDABLE   DEVICES   FOR  BRINGING 
A   PLANE   TO   THE   THRESHOLD    OF   THE    INSTRUMENT   RUNWAY.  HOWEVE 
THE    ADDITION    OF    SOME    FORM   OF   RADAR   FOR   DIRECT  OBSERVATION 
OF    AIRPORT   TRAFFIC    IN   BAD   WEATHER    IS   ALMOST  MANDATORY  AT 
BUSY  METROPOLITAN   TERMINALS    IF   TRAFFIC    IS   TO  BE  MAINTAINED 
AT   A   HIGH   LEVEL  WITH    COMPLETE   SAFETY  AND   EFFICIENCY.  RAD/* 
IS   ALSO   AVAILABLE    IN   FORMS  WHICH    PERMIT    IT   TO   DIRECT  AP- 
PROACHES  ON    NON-INSTRUMENT   RUNWAYS    IN   CASE    OF   NEED,  AND 
TO  MONITOR    ILS   APPROACHES   FOR  THAT  ADDITIONAL  MEASURE  OF 
CERTAINTY  WHICH    IS   ALWAYS   HIGHLY  DESIRABLE. 
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At  present,  few  airline  pilots  are  sufficiently 
skilled  in  ils  to  dispense  with  visual  aid  during  the 
last  200  feet  of  descent  toward  the  runway,    h i gh  inten- 
sity approach  and  runway  lighting  systems  serve  the  dual 
purpose  of  increasing  the  distance  and  altitude  at  which 
visual  guidance  is  available,  and  of  waking  such  guidance 
specific  and  distinctive.    approach  terrain  at  most  air- 
ports gives  only  a  general,  and  often  a  confused,  indica- 
tion of  the  path  along  which  a  pilot  should  direct  his 

PLANE. 

Fog  dispersal  is  used  to  artificially  produce  minimum 
ceilings  and  visibilities  at  will.    where  fogs  are  of  fre- 
quent occurrence  and  of  long  duration,  it  may  be  employed 
to  increase  the  usability  of  airport  facilities.    it  is 
not  an  inexpensive  device,  however,  and  must  be  justified 
economically  by  the  increase  in  operations  completed  which 
will  result  from  its  installation  at  a  particular  airport. 

None  of  the  aids  here  discussed  can  be  installed 
separately  with  the  expectation  of  setting  up  an  "all- 
weather"  aviation  terminal.    they  must  be  set  up  and  used 
as  an  integrated  system  of  aids,  each  fulfilling  a  portion 
of  the  total  need  for  guidance.    thus,  the  ils  will  bring 
a  plane  safely  through  a  low  ceiling,  but  cannot  as  yet 
be  used  generally  for  touching  down;  approach  and  runway 
lighting  will  guide  the  pilot  through  the  final  approach 
and  landing  stages,  but  will  not  serve  to  direct  a  range 
letdown  or  the  outer  approach  in  any  seriously  restricted 
visibility  condition.    fido  backs  up  the  effectiveness  of 
lighting  devices,  assuring  unobstructed  visibility  in  dense 
fogs  which  cannot  be  penetrated  by  the  lighting  devices. 

An  airport  can  "play  ball"   in  ANY  WEATHER  only  when 

THE   FULL  TEAM    IS   ON   THE  FIELD. 
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METEOROLOGICAL  ANALYSIS 


i ntroduct i  on 

In  general,  weather  determines  the  availability  of 
an  airport  to  receive  and  dispatch  aircraft*     it  also 
determines,  in  the  last  analysis,  what  landing  aids  are 
essential  to  uninterrupted  aircraft  operation.    a  study 
of  the  weather  history  at  the  san  francisco  airport  will 
show  what  conditions  must  be  overcome,  their  relative 
predominance,  and,  by  inference,  the  necessity  for  each 
of  the  various  types  of  landing  aids. 

Weather  throughout  the  world  follows  a  number  of 
cycles,  the  effects  of  which  are  superimposed;  that  is, 
each  is  influencing  the  conditions  at  any  given  time, 
in  addition  to  the  familiar  daily  and  annual  variations, 
there  have  been  identified  long-term  weather  cycles  having 
periods  of  7  l/2  years,  22  years,  and  68  years.  however, 
none  of  the  cycles  is  exactly  repetitive;  the  maximums 
and  minimums  in  any  area  of  measurement  occur  at  slightly 
different  times  and  have  lower  or  higher  absolute  values 
in  subsequent  cycles.    variations  of  a  particular  weather 
condition  may,  at  any  one  spot,  and  for  any  given  point 
in  a  weather  cycle,  produce  atypical  weather  conditions. 
Nevertheless,  the  same  kind  of  weather  recurs  in  the  same 
general  period  of  each  weather  cycle. 

a  period  of  10  years  has  been  taken  as  the  basis 
of  this  study.    the  degree  and  duration  of  weather  phe- 
nomena which  are  most  likely  to  occur  during  any  year 
can  be  determined  with  a  considerable  degree  of  proba- 
bility from  such  a  period.    in  any  particular  year  a 
given  condition  may  have  a  higher  or  lower  value  between 
the  extremes  given,  but  over  a  period  of  years  the  aver- 
age values  given  here  will  be  very  nearly  reproduced. 
Therefore,  computations  and  decisions  should  be  based 
upon  the  average  values  presented. 
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Weather  Phenomena  Which  Contribute  to  Closed 
Conditions  at  the  San  Francisco  International  Airport 

Advect  ion  F  og 

Advection  fog  is  produced  by  the  passage  of  rela- 
tively WARM  MOIST  AIR   OVER   A  COLDER   SURFACE,   USUALLY  A 

relatively  cold  body  of  water.    s i nce  transfer  of  the 
air  mass  is  essential,  these  fogs  are  always  accompanied 
by  winds.    Such  fogs  may  be  of  great  depth.    At  San  Fran- 
cisco,  ADVECTION  FOGS  ARE   FORMED   OVER   THE  CALIFORNIA  CUR- 
rent, a  cold  current  flowing  south  parallel  with  the 
coast.    Since  the  fog  must  move  inland,  with  the  westerly 
sea  breeze,  over  the  hills  to  reach  the  airport,  it  sel- 
dom lies  along  the  ground  at  the  airport.  adiabatic 
heating  occurs  during  the  downslope  movement  of  the  fog 
in  attaining  the  airport  level  and  dissipates  the  fog  in 
the  lower  levels,  forming  a  low  ceiling  with  good  hori- 
zontal visibility.    the  surface  layer  is  also  warmed  by 
contact  with  the  ground. 

Radiation  Fog 

Radiation  fogs  are  produced  by  cooling  of  the  sur- 
face layer.    Radiation  from  the  earth  to  the  sky  on  clear 
nights  cools  the  ground.    surface  air  is  cooled  by  con- 
tact with  the  ground  below  its  dew  point  temperature, 

AND   FOG  FORMS.     At  SAN  FRANCISCO,   RADIATION   FOGS   FORM  IN 
THE   AIR   DRAINING   FROM  THE   HILLS  TO  THE   WEST   AND  FLOWING 
OVER  THE   AIRPORT.     THEY  ARE   VERY   SHALLOW  AND   PRODUCE  LOW 
VISIBILITY    IN   THE   SURFACE   LAYERS.     THEY  ARE   FORMED  ONLY 
IN   CALM  CONDITIONS. 
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Frontal  Weathej?  Conditions 


Frontal  weather,  characterized  by  wind,  rain,  and 
stratiform  clouds,  produces  low  ceilings  and  reduced 
visibilities;  usually  weather  conditions  remain  above 
operating  minimums.    frontal  fog  is  formed  by  evapora- 
tion from  warm  rain  falling  through  the  colder  air  below, 
causing  it  to  become  saturated  and  forming  fog,  this 
type  of  fog  is  seldom  found  at  san  francisco.  whenever 
frontal  fog  occurs,  it  is  usually  accompanied  by  moder- 
ATE WIND. 


Water  Content  of  Fogs 

the  liquid  water  content  of  various  types  of  fogs 
is  not,  of  course,  a  fixed  value  at  all  times  and  at  all 
places.    in  the  fogs  occurring  at  san  francisco  airport, 
the  water  content  will  seldom  exceed  the  following  values: 

Radiation  Fog  0.2  grams  per  cubic  meter 

Advection  Fog  0.4     11       "       "  " 

Pre-frontal  Fog  0.3     "       "       "  " 

The  liquid  water  content  of  pre-frontal  fog  is  difficult 
to  determine  because  often  this  type  of  fog  occurs  simul- 
taneously with  a  perceptible  drizzle  which  invalidates 
the  results  obtained  with  the  available  means  of  measure- 
MENT. 

IN   GENERAL,   THE   VISIBILITY    IN   A   FOG    IS   RELATED  TO 
BOTH  THE   WATER  CONTENT  AND  TO  THE    SIZE   OF   THE   FOG  PAR- 
TICLES.    THE   FOLLOWING   ROUGH   RELATIONSHIP   BETWEEN  VISI- 
BILITY AND  LIQUID  WATER   CONTENT   OF   FOGS  MAY  BE  OF  INTEREST: 

Visibility  in  Feet  Liquid  Water  in  GMS/M3 


30 
150 
300 
600 
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300 
600 
1500 
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0.5 
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METEOROLOGICAL  ANALYSIS 


Fog  Depths 

Radiation  fog  will  rarely  exceed  200  feet  in  depth. 
This  fog  forms  during  near  calm  conditions;  therefore, 
little  vertical  mixing  occurs  and  the  inversion,  an  at- 
mospheric condition  in  which  the  temperature  increases 
rather  than  decreases  with  altitude,  is  necessarily 

SHALLOW. 

ADVECTION    AND   PRE-FRONTAL   FOGS,   WHICH   ARE   FORMED  BY 
DYNAMIC    PROCESSES,    ARE   CHARACTERIZED   BY  VERTICAL  MIXING 
AND   ARE   RELATIVELY   DEEP   (500  -  2000  FEET).      IF  THESE 
DYNAMIC   PROCESSES   CONTINUE,   THESE   FOGS  WILL  PERSIST. 


Terrain  Influences 

The  modifying  influence  of  local  terrain  contours  on 
weather  in  a  particular  locality  is  well  known  to  meteor- 
OLOGISTS and  pilots.    Rarely,  however,  is  the  effect  of 
local  terrain  so  clearly  seen  as  at  the  san  francisco 
Airport.     It  is  this  factor  which  is  mainly  responsible 
for  the  remarkably  low  average  number  of  closed  hours 
annually  for  an  airport  located  within  an  area  of  high 
fog  incidence. 

a  brief  review  of  the  main  outlines  of  the  terrain 
is  necessary  in  order  to  explain  their  effects  upon  low 
visibility  conditions.    the  airport  is  located  on  the 
west  bay  shore  approximately  6  feet  above  mean  sea  level. 
East  and  south  of  the  airport  there  are  no  obstructions 
of  any  kind,  only  the  bay  and  its  low-lying  shores.  west 
of  the  field  the  terrain  rises  gradually,  then  steeply,  to 
a  maximum  elevation  of  1 300  feet.    northwest  of  the  field 
the  maximum  elevation  is  about  500  feet  in  the  center  of 
a  broad  "saddle11.    north  — north  we  st  is  a  peak  reaching  an 
elevation  slightly  over  1300  feet. 
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METEOROLOGICAL  ANALYSIS 


Prevailing  westerly  winds  are  funnelled  over  the 
airport  through  the  northwestern  "saddle"  at  a  compass 
direction  of  about  280  degrees,  or  roughly  parallel  with 
the  instrument  runway.    in  the  summer  months  the  daily  on- 
shore wind,  or  sea  breeze,  produced  by  diurnal  heating 
inland,  funnels  through  the  pass.     it  reaches  maximum  vel- 
OCITY at  1400  -  16OO  hours.    This  breeze  is  the  carrier 
for  summer  fogs  in  the  california  coastal  region.  however, 
the  San  Francisco  Airport  is  sheltered  from  these  fogs. 
Surface  heating  from  below,  combined  with  adiabatic  (down- 
slope)  HEAT  I NG   OF   ABOUT  2°F . ,   KEEP  SUMMER   FOGS  ABOVE  GROUND 

at  the  San  Francisco  Airport.    Low  ceiling  conditions  are 
common,  but  do  not  generally  drop  below  operating  minimums, 
and  visibility  remains  good.    terrain  influences,  there- 
fore, are  largely  responsible  for  the  lack  of  summer 
fogg  i  ness  at  this  airport,  as  shown  in  flgs.  i  -  6.  such 
fog  as  does  occur  is  seldom  the  so-called  california 
stratus  or  advect i  on  fog.    usually  it  is  radiation  or 

!TULE!  FOG. 

AS   A   RULE,    RADIATION   FOG   FORMS   AT  THE   TIME    OF  MINIMUM 
HEATING    IN   THE   EARLY  MORNING.      IT   DEVELOPS   OVER  SAN  FRAN- 
CISCO Airport  on  clear,  calm  nights  when  the  air  from  the 
westerly  hills  cools  by  radiation  and  contact  with  the 
ground,  and,  being  relatively  heavy,  flows  downward  over 
the  airport.    it  collects  in  a  stagnant  shallow- pool 
colder  than  air  at  higher  levels,  creating  an  inversion. 
When  the  temperature  in  this  local  air  mass  drops  below 
the  dew  point,  shallow  radiation  fog  appears  underneath 
the  inversion.    occasionally,  !tulet  fog  forms  across 
the  bay  and  drifts  over  to  the  airport.    the  peak  of  such 
activity  is  between  0700  and  0900,  as  shown  in  flgs.  7- 1 0 . 

the  expansion  of  industrial  activity  in  the  vicinity 
of  the  airport  may  be  producing  a  gradual  trend  toward 
additional  low  visibility  conditions.    smoke  and  other 
combustion  products  are  not  only  in  themselves  objection- 
able, but  may  produce  additional  fog  (or  "smog")  condi- 
TIONS.   Airborne  combustion  products  are  often  highly 

HYGROSCOPIC,    AND  MAY  CAUSE   THE   FORMATION   OF   FOG  PARTICLES 
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in  marginal  humidity  conditions  that  might  not  otherwise 
produce  it.    Moreover,  these  particles  will  be  trappeo 
under  the  frequently  occurring  inversions  of  this  local- 
ITY.   Even  without  accompanying  fog  they  may  seriously 

REDUCE  VISIBILITY. 


Operating  Conditions 

At  present,   instrument  flight  into  and  out  of  San 
Francisco  can  continue  when  the  ceiling  is  not  less  than 
400  feet  and  the  visibility  is  i  mile  or  more.  however, 
after  high  intensity  approach  and  runway  lights  have  been 
installed,  planes  equipped  with  the  caa  instrument  landing 
System,  and  operated  by  pilots  trained  in  ILS,  will  be 
allowed  to  land  with  300-foot  ceiling  and  v  i s i b i l i  tv  3/  4 
mile.    After  6  months  of  successful  operation,  the  mini- 
mums  WILL   BE    REDUCED   TO  200   FEET  AND    l/2  MILE.      IT  IS, 
THEREFORE,    NECESSARY  TO    PRESENT   SEPARATE   ANALYSES  FOR 
EACH   CCND IT  ION. 
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Tabulations  of  the  San  Francisco  weather  data  are 
presented  graphically.    a  maximum,  an  average,  and  a 
minimum  value  are  given,    whenever  possible,  for  each 
weather  condition.    when  planning  for  activities  which 
will  be  influenced  by  weather  conditions,  the  average 
values  shou-ld  be  used  since  these  values  are  the  most 
conservative.    however,   it  must  be  kept  in  mind  that  it 
is  possible,  even  though  highly  improbable,  for  all  the 
monthly  maximum  values  to  occur  during  one  year  or  for 
all  the  monthly  minimum  values  to  occur  during  another 

YEAR  . 


1  HE    BASIC    OBSERVATION   UNIT   USED    IN   TABULATION  WAS 
ONE    HOUR.    SINCE   MOST   OF  THE   OBSERVATIONS  WERE   TAKEN  AT 
THIS    INTERVAL.     WHERE  MORE   FREQUENT   OBSERVATIONS  WERE 
AVAILABLE,   THE   HOURLY  TOTALS   HAVE    BEEN   ADJUSTED  TO  RE- 
FLECT  THE   ACTUAL   DURATIONS.     USE   OF   HOURLY  INTERVALS 
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INTRODUCES   A   SMALL  ERROR    INTO  MINIMUM    INCIDENCE  TOTALS, 
SINCE   FOG   AT   THE   TIME   OF   OBSERVATION    IS   ASSUMED  TO  HAVE 
LASTED   A   FULL   HOUR.      ALSO,   THE  MINIMUM  DURATION   OF  FOG 
IS   NECESSARILY    I    HOUR,    ALTHOUGH   SHORTER   FOGS  MAY  ACTUALLY 
OCCUR. 


Duration  of  Closed  Conditions  by  Months,  Figs.  11-16 
A  study  of  weather  conditions  over  the  past  ten 

YEARS   SHOWS  THAT   CEILINGS  WILL   BE   BELOW  400  FEET  AND/OR 
VISIBILITY  BELOW    I    MILE    1.9%  OF   THE  TIME,    ON  THE  AVERAGE, 
OR   A  TOTAL   OF    1 67   HOURS   PER   YEAR.     THE  CLOSED  TIME  CAN 
BE   AS  MUCH  AS  8.3%   OF   THE  TIME,    AT  THE  MAXIMUM,   OR  720 
HOURS    IN    A  YEAR. 


16 


Ceiling  and  visibility  will  be  below  300  feet  and/or 

3/4  MILE,   ON  THE   AVERAGE,    1.4%   OF   THE   TIME,   OR    |23  HOURS. 

The  maximum  expected  in  any  one  year  is  6.2%  or  545  hours. 

Ceiling  and  visibility  will  be  below  200  feet  and/or 
i/2  mile,  on  the  average,  i.i%  of  the  time,  or  96  hours 
PER  YEAR.    The  maximum  expected  is  4.7%  OR  4i2  hours  in 

ANY   ONE  YEAR. 

Low  visibility  at  San  Francisco  follows  a  well  DE- 
FIED ANNUAL  CYCLE   OF  OCCURRENCE,   WITH  MAXIMUM  INCIDENCE 
IN  THE  WINTER  MONTHS,    REGARDLESS   OF   THE   VARIATION  FROM 
YEAR  TO  YEAR    IN  THE  TOTAL  NUMBER   OF  HOURS.     THE  FOLLOWING 
ARE  THE  MOST  ESSENTIAL  RELATIONSHIPS  TO  BE   DRAWN   FROM  THE 

figures: 
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Percentage  of  Total  Annual  Closed  Hours 
Occurring  During  Fall  and  Winter  Months 


September  i 
to 

February  28 


November  i 
to 

February  28 


v  is  ib ility  below  i  mile 
Ceiling  below  400  feet 


96% 
80% 
95% 
89% 
96% 
95% 


35% 
62% 
85% 
73% 
85% 
83% 


Visibility  below  3/4  mile 
Ceiling  below  300  feet 
Visibility  below  i/2  mile 
Ceiling  below  200  feet 


These  figures  show  that  ceilings  below  200  feet  are  al- 
most   IDENTICAL    IN   OCCURRENCE  WITH   GENERAL  LOW  VISIBILITY 

conditions.    the  two  higher  ceilings  considered  often 
occur  at  San  Francisco  without  a  correlative  restriction 
in  visibility  at  the  surface.    However,  the  overwhelming 
majority  of  low  ceiling  and  visibility  conditions,  by 
total  average  duration,  occur  during  the  fall  and  winter 

MONTHS.     More  THAN  three-quarters  of  THE  CLOSED  CONDITIONS 
WILL   OCCUR,    ON   THE   AVERAGE,    BETWEEN  NOVEMBER    I    AND  FEB- 
RUARY 28. 


Time  of  Occurrence  of  Low  Visibility  Conditions,  Figs.  7-i0 

in  addition  to  the  annual  cycle,  low  ceilings  and 

visibilities  follow  a  diurnal  pattern  set  up  by  the  change 
in  insolation  to  the  earth's  surface.    the  following  values 
are  of  particular  significance: 
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Percentage  of  Total  Annual  Closed  Hours 
Occurring  during  Certain  Diurnal  Periods 


0000-0900    0000-1200    2  I  00— 1 200 


Visibility  below  i/2  mile 
Ceiling  below  200  feet 


Visibility  below  i  mile 
Ceiling  below  400  feet 


72% 
72% 
74% 

74£> 


87% 
8i% 
89% 
88% 


93% 
9i% 
95% 
94% 


The  values  for  visibility  less  than  3/4  mile  and 
ceiling  less  than  300  feet  need  not  be  considered  here 
because  the  three  sets  of  values  are  nearly  identical. 

Figs,  7-iO  show  that  nearly  all  of  the  low  ceilings 
and  visibilities  occur  between  midnight  and  noon.  most 
of  the  closed  conditions  at  the  san  francisco  airport 
result  from  radiation  fog.    therefore,   it  is  expected 
that  the  low  visibilities  should  occur  during  the  hours 
of  minimum  heating.    fog  over  the  airport  restricts  the 
solar  insolation  and  the  ground  does  not  warm  up  suf- 
ficiently to  dissipate  it  until  0900.    the  fogs  which 
do  occur  between  noon  and  i  800  are  persistant  fogs  which 
rem a  i n  for  24  hours . 

These  figures  are  of  importance  because  it  is  ex- 
pected THAT   AS   TRAFFIC   EXPANDS,   MORE  TRANSCONTINENTAL, 
TRANSPACIFIC,    AND   FEEDER   ARRIVALS  WILL   BE   SCHEDULED  DURING 
THE  MORNING  HOURS. 

THE   DAILY  PERIOD   OF  MAXIMUM    INCIDENCE   DURING  THE 
MONTHS   OF   MAXIMUM    INCIDENCE    (SEPTEMBER   THROUGH  FEBRUARY) 

is  0600  -  0900.    This  is  also  the  period  in  which  maximum 

SCHEDULE   EXPANSION    IS   LIKELY  TO  OCCUR. 
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FIGURE  15 

Observed  duration  by  months 
visibility  less  than  l/2  mile 


Jan 


Mar         May  July 

Monthly  Averages 


Sept 


Nov 


Jan 
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Duration  of  Low  visibility  Conditions,  Figs,   m  -  16 

The  probable  duration  of  fog  is  nearly  as  important 
in  aircraft  scheduling  as  its  occurrence.  The  following 
values  will  serve  as  a  guide: 


Observed  Fog  Duration  in  Hours 


Max i mum 

Average 

Visibility  below  i  mile 

24 

3#9 

Ceiling  below  400  feet 

26 

4.3 

Visibility  below  3/4  mile 

24 

3.8 

Ceiling  below  300  feet 

24 

4.  1 

Visibility  below  i/2  mile 

24 

3.7 

Ceiling  below  200  feet 

24 

4.2 

Ml N I  MUM 


Most  fogs  can  be  expected  to  last  in  the  neighborhood 
of  4  hours  before  natural  clearing  processes  bring  an  end 
to  closed  conditions.     |t  is  obvious  that  schedules  into 
and  out  of  San  Francisco  Airport  are  seriously  upset  by 
fogs  of  this  duration.    planes  cannot  be  safely  stacked  up 
over  a  four-hour  period  and  each  year  a  great  many  must  be 
shifted  to  alternate  airports.    likewise,  many  departing 
schedules  are  held  for  hours  on  the  ground. 


Wind  Conditions  Accompanying  Low  Visibility 
i 

Calm  wind  conditions  are  the  rule  with  very  low  visi- 
bility conditions  at  the  San  Francisco  Airport,    winds  will 
accompany  advect i  on  and  frontal  fogs,  but  will  never  occur 
with  radiation  fog.    figs.  \7  -  |8  show  that  in  low  visi- 
bility conditions  winds  generally  blow  along  the  instru- 
ment runway,  rarely  crossing  it  at  an  angle  in  excess  of 
30  degrees.    wind  conditions  are  not  a  major  problem  at 
the  San  Francisco  Airport  during  low  visibility,  and  Run- 
way 28R  CAN   BE   USED  FOR  MOST  ADVERSE  WEATHER  LANDINGS. 
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More  than  half  of  the  low  visibility  conditions,  on  the 
average,  will  be  accompanied  by  winds  less  than  5  miles 
per  hour.  Only  rarely  will  winds  greater  than  iO  miles 
per  hour  accompany  low  visibility  conditions,  a  break- 
down of  records  over  the  ten-year  period  by  visibility 
and  ceiling  conditions  shows  the  following  relationships: 


Visibility  3/4  mi.  and/or  less 
Average:     i26  hours 


Ceiling  300!  and/or  less 
Maximums    545  hours 


Wind  Veloc ity 


Per  Cent  of 
Closed  Time 


Average 
Hours 
Per  Year 


Max imum 
Hours 
Per  Year 


Less  than  5  mph 
5-9  MPH 
iO  -  i 4  MPH 

bREATER  THAN    l5  MPH 


57% 

30% 

1 1% 
2% 


70 
37 
14 

2 


3 1 0 
164 
60 
l  l 


Visibility  i/2  mi,  and/or  less  -  Ceiling  2001  and/or  less 
Average:    96  hours  Maximum:    4i2  hours 


Average  Maximum 

Per  Cent  of  Hours  Hours 

wind  Velocity              Closed  Time  Per  Year  Per  Year 

Less  than  5  mph                         6dfi  6i  265 

5  -  9  mph                                  3i%  30  i29 

iO  -  14  mph                                 4%  4  l7 

Greater  than  i5  mph                    2%  2  8 
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Figure  i9 

Nature  and  annual  duration  of  closed  conditions 


TOTALS  OF  ANNUAL  HOU* 
OF  CLOSED  TtME  CAN  U 
MINIMUM.  OPERATING 

Figures  shown  in  th* 

OPEN  HOURS  ARE  OETE 
FOLLOWING  TABLE* 

ANIMUS 


PERCENT,  ANO  MAXIMUM  PERCENT 
£0  FOR  EACH  OF  THE  VARIOUS 

ev  the  Amnion  OF  ALL  THE 

ook  f         r  coNtmo^  . 

SU8TRACTJ0N,  AS  SHOWN  IN  THE 


CEILING 


400' 
300' 
200' 


VISIBILITY 


I  mile 
-f-  mile 
mile 


mm*, 

RAGE 


HOURS 


8592 
8636 
8658 


PERCENT 


MWIMUM 


HOURS 


98.1 

98.6 

99.0 


80  10 
8  I  90 
8320 


PERCENT 


91.7 
93.7 
95.2 


MAXIMUM  TOTAL  ;0,06%QF  TOTAL  YEARLY  TIME 
AVERAGE  TOTAL  :  0.8     HOURS  PER  YEAR, 
AVERAGE  TOTAL  :O.0f  %0F  TOTAL  YEARLY  TIME 


Summary 


(1)  ADVECTION   FOG    (OR  "SEA  FOG"),    WHICH    IS  FAM- 
ILIAR TO  RESIDENTS   OF  THE  ClTY  OF  SAN  FRANCISCO,  IS 
LESS   TROUBLESOME   AT   THE   SAN  FRANCISCO  AIRPORT  THAN 
MIGHT   BE   EXPECTED.      THE    INFLUENCE   OF  THE  TERRAIN  NEAR 
THE    AIRPORT    IS   SUCH   THAT,    IN  MANY  CASES,    ADVECTION  FOG 
MOVING    IN   FROM  THE   SEA   ARRIVES  OVER  THE   AIRPORT  AS  LOW- 
HANGING  STRATUS. 

(2)  A   LARGER   PROPORTION    OF   THE   FOG   WHICH  CLOSES 
THE   AIRPORT    IS  RADIATION   FOG,   CAUSED   BY  THE   RAD  I  AT  I ONAL 
LOSS  OF   HEAT   FROM  THE   EARTH   ON   CLEAR,   CALM  NIGHTS. 

(3)  ON   THE   AVERAGE,   THE   CEILING   AND/OR  VISIBILITY 
WILL   BE   AT   OR   BELOW!  T 
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Figure  i9 
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400   FEET   AND    I    MILE,    1 67   HOURS   PER  YEAR 
300   FEET   AND  3/4  MILE,    |23  HOURS   PER  YEAR 
200   FEET   AND    I /2  MILE,    96    HOURS   PER  YEAR 

(4)    The  average  duration  of  low  visibility  and/or 

LOW  CEILING    IS  4  HOURS,    BUT  MAY   OCCASIONALLY  LAST  24 
HOURS. 


(5)  Seventy-five  per  cent  of  the  low  visibility 
and/or  low  ceiling  OCCURS   BETWEEN  midnight  AND  9  A.M. 

(6)  Ninety  per  cent  of  the  low  visibility  and/or 
low  ceiling  occurs  between  i  September  and  28  February. 

17)    Ninety-five  per  cent  of  the  winds  accompanying 
low  visibility  and/or  low  ceiling  are  below  iO  mph,  and 

65   PER   CENT   ARE   BELOW  5  MPH. 
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The  goal  of  San  Francisco  International  Airport 
is  to  make  possible  the  achievement  of  iOO  per  cent 
schedule  reliability.    this  is  to  be  done,  as  nearly  as 
is  practicable,  by  installing  landing  aids  which  will 
make  it  completely  safe  for  aircraft  to  land  or  take  off 
without  delay  in  all  expected  weather  conditions.  the 
word  "practicable*1  implies  that  landing  aids  must  be 
evaluated  in  economic  terms  as  well  as  from  the  stand- 
point of  operational  effectiveness.    to  do  so  requires 
a  consideration  of  traffic  through  the  airport,  both  in 
terms  of  scheduled  arrivals  and  departures,  and  in  terms 
of  the  remunerative  units — the  passengers  and  cargo 
carried.    the  landing  aids  installations  required  to 
assure  the  landing  and  departure  of  every  plane  on  schedule 
must  not  price  air  transportation  out  of  its  potential 
market.    this  study  cannot  undertake  to  establish  the 
potential  market  for  absolutely  reliable  aerial  trans- 
portation beyond  the  general  statement  that  absolute 
reliability  would  greatly  increase  the  present  usage  of 
such  transportation,  which,  in  turn,  will  materially 
decrease  the  unit  cost.    it  can  derive  principles  by 
which  the  economic  value  of  landing  aids  can  be  deter- 
mined in  relation  to  present  schedules,  and  suggest  the 
effect  of  established  trends  on  this  value. 


Past  History 

Figs.  20,  2i,  and  22  record  the  development  of  air 
traffic  through  san  francisco  a i rport  since  1 934  in  terms 
of  the  yearly  totals  of  aircraft  operations  (arrivals 
plus  departures),  passengers  carried  (in  and  out) ,  and 
cargo  carried  ( outbound  only;  inbound  figures  are  not 
available).    The  curves  follow  the  general  trend  of  all 
industrial  activities  during  the  thirties,  with  a  slump 
occurring  after  1 936 .    the  sharper  decrease  in  plane 
operations  in  1 937  -  l939,  as  compared  with  the  lesser 
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SLUMP    IN    PASSENGERS   AND   CARGO.    MAY   REFLECT   THE  INTRODUC- 
TION   OF    PLANES  WITH    A   LARGER   PAYLOAD   FACTOR   DURING  THIS 
PERIOD,    PARTICULARLY  THE   WIDESPREAD   ADOPTION    OF   THE  DC~3 
IN    AIRLINE    SERVICE.     THE    1 939  LOW    IN    OPERATIONS   AND  CARGO 
REFLECTS  THE  MARCH   TO  MAY   PERIOD   OF   THAT   YEAR  WHEN  AIR- 
PORT  CONSTRUCTION    AND    REPAIRS  RESTRICTED    OPERATION;  PASSEN- 
GER TRAFFIC    APPEARS   NOT   TO   HAVE   BEEN   GREATLY  AFFECTED 
THEREBY.     THE    1 939  -    1 942    PREWAR   PERIOD    SHOWS   A  MARKED 
INCREASE    IN   ALL  CATEGORIES.      DURING  THE   WAR   PERIOD  SCHED- 
ULED  OPERATIONS   DROPPED    SHARPLY,   WHILE    PASSENGER  TRAFFIC 
AND   CARGO   LOADINGS   LEVELLED   OFF,    INDICATING  THAT  EXISTING 
EQUIPMENT   WAS   BEING   MORE    FULLY   LOADED,    AND    POSSIBLY  THAT 
STILL   LARGER   PLANES  WERE    BEING   PLACED    IN   SERVICE.  BEGIN- 
NING   IN    l944,    ALL   THREE   CURVES   RISE    SHARPLY.  PASSENGER 
TRAVEL   HAS    INCREASED   ESPECIALLY  FAST   SINCE    l945,  REFLEC- 
TING  THE   END   OF   RESTRICTIONS   ON   AIRLINE   EXPANSION   AND  THE 
GENERAL   PROSPERITY.      CARGO  LOADINGS   LAGGED   UNTIL  |946, 
POSSIBLY   BECAUSE   OF   GREATER   EMPHASIS   ON   PASSENGER  TRAFFIC, 
PERHAPS   ALSO   AS   A   RESULT  OF  THE   RECONVERSION  PERIOD. 
IN    |947,    OPERATIONS   LEVELLED   OFF,    AND    PASSENGER  TRAFFIC 
ALSO    APPEARS  TO  BE   ENTERING   ANOTHER   PLATEAU.     CARGO  LOADING 
IS   STILL   RISING,    ACCORDING   TO  THE   LATEST   AVAILABLE  FIGURES. 


Future  Expansion 

It  may  be  expected  that  traffic  through  San  Francisco 
Airport  will  expand  continuously  through  the  years,  if 
world  conditious  remain  substantially  unchanged  and  no 
critical  general  economic  collapse  develops.    among  the 
important  local  conditions  favoring  such  an  increase  is 
the  fact  that  san  francisco  is  a  marked  center  of  gravity 
in  state  industry  and  population  trends.    the  increasing 
population  and  increasing  industrial  activity  within  the 
state  (the  most  marked  increase  now  in  process  in  the 
United  States)  is  concentrated  in  such  centers.    This  will 
inevitably  result  in  rising  air  traffic,  both  in  passengers 
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and  cargo,  between  san  francisco  and  other  local  and 
national  centers.    feeder  lines — already  well  established 
as  a  California  aerial  freight  and  passenger  business — 
and  also  trunk  lines,  will  need  to  operate  more  schedules 
from  the  San  Francisco  Airport.    Feeder  lines  should  ex- 
perience a  sizable  expansion  because  of  the  great  distances 
between  major  economic  and  cultural  centers,  with  a  re- 
sultant funnelling  of  large  volumes  of  traffic  into  the 
San  Francisco  Airport. 

a  second  major  cause  of  increased  traffic  at  this 
point  is  its  coastal  location  and  its  proximity  to  the 
Hawaiian  Islands.    San  Francisco  will  inevitably  be  the 
most  suitable  terminus  for  much  international  air  travel, 
provided  its  facilities  are  adequate.    reconstruction  and 
expansion  of  industrial  and  commercial  activity  across  the 
Pacific  will  bring  about  a  sustained  increase  in  trans- 
pacific  PASSENGER   AND  CARGO  LOADING.     THE  ENCOURAGEMENT 


Yearly  Totals 
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of  and  participation  in  such  expansion  is  both  an  impor- 
tant ideal  and  a  practical  economic  necessity  to  the 
future  well-being  of  this  country.    we  can,  therefore 
assume  that  an  increase  in  trade  volumes  with  nations 
in  the  Pacific  will  be  a  national  policy, 

I  HE    PAST    |4  YEARS   HAVE    SEEN   THE   FLEDGLING  AVIATION 
INDUSTRY  BECOME    AN    IMPORTANT   FACTOR    IN   THE    NATION!S  TRANS- 
PORTATION.   Although  it  may  be  questioned  whether  another 

14  YEARS  WILL    BRING   ABOUT   A   SIMILAR  25— FOLD    INCREASE  IN 
PASSENGER  TRAVEL   AND   CARGO   LOADING   AT  SAN  FRANCISCO,  A 
CONTINUED   EXPANSION   SEEMS    INEVITABLE.     i HE   SIZE,  STEADI- 
NESS  AND   SOUNDNESS    OF   SUCH   GROWTH  WILL   BE   MATERIALLY  FOR- 
WARDED if  San  Francisco  airport  is  able  to  provide  facili- 
ties   INSURING    RELIABLE   SCHEDULES.      SINCE   ALMOST   ALL   OF  THE 

traffic  which  must  go  by  air  is  already  airborne,  the 
future  increase  will  be  drawn  from  that  portion  of  the 
potential  which  would  go  by  air  if  departures  and  arrivals 
were  absolutely  reliable,  and  out  of  the  greater  potential 
resulting  from  higher  levels  of  commercial  activity. 
Estimates  of  the  possible  expansion  vary,  but  all  sources 
agree  that  it  will  be  large,  and  will  depend  primarily  on 
increased  safety  and  reliability,  with  decreasing  cost 
becoming  significant  as  increasing  payload  factors  permit 
more  economical  operation. 


The  Trend  Toward  Larger  Planes 

In  i933  -  1934  the  average  passenger  load  per  plane 
operation  at  San  Francisco  was  in  the  neighborhood  of  2.6 
persons.     In  i946  -  1947  the  average  passenger  load  was 
about  i2.4  persons  per  plane  operation.    (Note:  Since 
separate  figures  are  not  available  for  passenger  and  cargo 
flights,  this  figure  is  smaller  than  the  all-passenger 
loading.)    Although  the  number  of  planes  arriving  increased 
only  about  5  times,  the  number  of  passengers  increased  by 
25  times,  and  the  weight  of  outbound  cargo  by  23  times, 
the  trend  toward  larger  and  faster  planes  13  continuing, 
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PARTICULARLY  ON  TRUNK  AIRLINES,  AS  SHOWN  BY  THE  FOLLOW- 
ING  TABLE   OF    PASSENGER  CAPACITIES! 


Aircraft  Passenger  Capacity 


Passenger  Load 

Put  in 

Type 

Day 

Sleeper 

Serv  ice 

DC-3 

2i 

1935 

DC-4 

44-58 

1943 

Constellation 

64 

34 

1945 

DC-6 

52 

26 

1947 

Stratocru iser 

64- 1 14 

30-55 

Pend  ing 

Constitution 

100-128 

Pend  1  NG 

Conva  ir 

40 

Pending 

Use  of  bigger  planes  tends  to 

reduce  the 

NUMBER   OF  0PERA- 

TIONS  SCHEDULED, 

However,  the 

EXPANSION 

0F   FEEDER  LINES 

WILL   OPERATE   TO  ARREST   OR   EVEN   REVERSE  THIS  TREND,  PERCEN- 
TAGEWISE,   SINCE   THESE   LINES  WILL   PROBABLY  CONTINUE  TO  OP- 
ERATE   SMALLER    PLANE   TYPES,  AND  WILL  AIM  TO   PROVIDE  MORE 
FREQUENT   SERVICE   OF   THE   COMMUTER  TYPE, 


Summary  of  Established  Trends 

The  factors  discussed  above  show  that  while  passenger 
and  cargo  transportation  through#san  francisco  international 
Airport  will  steadily  expand  in  volume,  the  number  of 
scheduled  daily  arrivals  and  departures  will  not  increase 
at  the  same  rate •    the  present  average  of  7  scheduled  plane 
movements  per  hour  ( see  flg.  23)  is,  therefore,  a  satis- 
factory basis  for  initiating  a  landing  aids  program  ade- 
quate  to  handle  traffic  schedules  within  the  next  five  years. 
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DAILY  AIRCRAFT  SCHEDULES 
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Figure  23  -  January,  i948 
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January  i94Q  Schedules 
Projected  Through  the  Year 


Arr  i  vals 


Departures 


0000  -  i200 
1200  -  2400 


TOTAL 


10,000  PLANES 
20,000  PLANES 

30,000  PLANES 


12,000  PLANES 
I  8,000  PLANES 

30,000  PLANES 


ANNUAL  TOTALS   OF  SCHEDULES 
INTERRUPTED   BY  LOW  VISIBILITY 


0000  -  1200 


Mini  mum 

ARR  IVALS 

Departures 

Totals 

Condition 

Avg 

Max 

Avg 

Max 

Avg  Max 

200 1  &  l/2 

M  1  . 

102 

457 

i24 

558 

226      10 1 5 

300'  &  3/4 

M  1  . 

133 

600 

161 

750 

294  1350 

400 T   8c  ONE 

M  1  . 

1 82 

795 

22  i 

967 

409  1762 

200'  &  i/2  mi. 
300  1  &  3/4  M i . 
400 T  &  ONE  mi . 


1200  -  2400 

12         60  M 

20         80  1 8 

23        100  2 1 


55 

23 

i  15 

73 

38 

153 

92 

44 

192 

200'  &  i/2  mi  . 
300 1  &3/4MI. 
400 1  &  ONE  mi . 


Yearly  Totals 

U4       5i7  135 
153       680        1 79 
205        895  242 


6i3       249  1130 
823        332      l 503 
1059       447  1954 
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Interrupted  schedules 

With  ILS  and  high  intensity  airport  lighting,  the 
CAA  contemplates  a  stepwise  reduction  of  operating  mini- 
mums,  first  to  300-foot  ceiling  and  3/4  mile  visibility; 
then,  after  6  months1  successful  operation,  to  200-foot 
ceiling  and  i/2  mile  visibility.    The  effect  of  these  re- 
ductions on  "closed"  time  at  San  Francisco  has  been  pre- 
sented  EARLIER      IN  TERMS  OF   PER  CENTS  AND   HOURS   PER  YEAR 
FOR    YEARS   OF   AVERAGE    AND    OF   MAXIMUM    INCIDENCE    OF  LOW 
VISIBILITY   AND   CEILING.      IT    IS    IMPORTANT    HERE   TO  KNOW 
HOW   THESE    REDUCTIONS   AFFECT   SCHEDULED    OPERATIONS.  |N 
PREPARING   THE   TABLE    OF    ANTICIPATED    SCHEDULE  INTERRUP- 
TIONS,   THE    SCHEDULES   FOR   JANUARY    1 948   HAVE    BEEN  TAKEN 
AS   A   BASIS   FOR   THE   CALCULATION.      SINCE  MOST   OF   THE  FOG 
OCCURS    IN   THE    DIURNAL   PERIOD   0000-1200,    SCHEDULES  IN 
THIS    PERIOD   HAVE    BEEN    CONSIDERED    SEPARATELY  FROM  THOSE 
IN   THE    PERIOD  1200-2400. 


These  figures  indicate  the  general  order  of  inter- 
ruptions CAUSED   BY  CONDITIONS   BELOW   PROSPECTIVE  MINIMUMS. 

They  show  the  degree  of  need  for  a  FIDO  installation 
which  can  modify  weather  conditions  to  meet  the  minimums. 
The  calculations  upon  which  they  are  eased  assume  equal 
spacing  of  the  flights  within  the  period  considered  and 
an  equal  probability  of  interruption  by  below  minimum 
weather  regardless  of  the  schedule's  location  within 
the  12-hour  period.    neither  condition  is  true,  since 
the  natural  tendency  is  to  group  schedules  during  the 
hours  fog  has  least  often  been  observed.    however ,  this 
might  not  be  true  if  fido  were  available.     i  he  figures 
can  be  extrapolated  to  include  additional  schedules  by 
simple  proportion. 
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IT   SHOULD    BE    POINTED   OUT   THAT   THE  METEOROLOGICAL 
ANALYSIS   SHOWS    AN   AVERAGE   LOW   VISIBILITY  DURATION   OF  4 
HOURS.       I  HAT    IS,    AIRCRAFT  WILL   FREQUENTLY   SPEND  UPWARDS 
OF  4  HOURS    IN    STACKS,    OR   ELSE   WILL   BE    DIVERTED    OR  CAN- 
CELLED  AT   THE  SOURCE. 


a  i r  vraff ic  flann  i  ng 

The  decisive  point  for  San  Francisco  Airport  opera- 
tions IS  THE  NUMBER  OF  PLANE  ARRIVALS  PER  UNIT  OF  TIME, 
SINCE  DEPARTURES  ARE  CARED  FOR  BY  THE  DUPLICATE  RUNWAYS. 
THE  SATURATION  POINT  IS  30  PLANES  PER  HOUR,  OR  ONE  PLANE 
EACH  2  MINUTES.  PROVIDED  EACH  LANDING  IS  PROPERLY  CON- 
DUCTED AND  EACH  AID  IS  IN  PERFECT  ORDER,  PLANES  COULD  BE 
HANDLED   AT   THIS   RATE.      HOWEVER,    THE   LEVEL   OF  EXPERIENCE 

among  present  pilots  and  operations  personnel  makes  a 
much  less  frequent  scheduling  advisable, 

it  is  unlikely  that  san  francisco  will  be  faced 
with  handling  this  volume  of  scheduled  traffic  in  the 
near  future.    as  has  been  pointed  out,  the  increase 
since  |933  (from  i .2  to  7  plane  movements  per  hour) 
represented  the  initial  mushroom  growth,  further 
schedule  expansion  should  occur  at  a  moderate  rate, 
particularly  in  view  of  the  steady  trend  toward  larger 
planes  with  heavier  passenger  and  cargo  loadings. 

Meanwhile,  steps  should  be  taken  to  organize  traffic 
for  all-weather  operation  and  train  airport  and  airline 
personnel  for  the  critical  days.    schedules,  in  peak 
periods,  should  be  limited  to  2-minute  intervals  as  an 
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ABSOLUTE   MINIMUM;    THAT    IS,    THE   EXPECTED   TRAFFIC  LOAD 
SHOULD    NEVER   BE   ALLOWED   TO   EXCEED   THE   CAPACITY   OF  THE 
FIELD    IN   MINIMUM  CONDITIONS.      GREATER   SPACING    SHOULD  BE 
KEPT  WHEREVER    POSSIBLE    UNTIL   PILOTS   AND   TOWER  PERSONNEL 
ARE   FAMILIAR   WITH    THE   NEW  TECHNIQUES.     THE  SCHEDULING 
SHOULD   PROVIDE    BLANKS   FOR   EMERGENCIES   AND   FOR   FITTING  IN 
PLANES  DELAYED    IN    DEPARTURE   FROM   OTHER   FIELDS.  AIRPORT 
RULES   SHOULD   REQUIRE    EVERY   APPROACH    ON  RUNWAY  28  AND  l9 
TO   BE    A   SIMULATED    INSTRUMENT   APPROACH   FROM  THE  FIRST 
RADIO  CONTACT  WITH   THE   TOWER   UNTIL  THE   TOUCHDOWN,  SO 
THAT   THE   PILOTS   AND   THE   TOWER   OPERATORS  WILL   BUILD  UP 
A    BODY  OF   EXPERIENCE    UPON    WHICH   THEY  CAN    DRAW  WHEN  IN- 
STRUMENT CONDITIONS   ACTUALLY  DEVELOP. 

IF   SCHEDULES   ARE   PROPERLY   SPACED,    IF    ALL  PERSONS 
CONCERNED   WITH    ALL-WEATHER    OPERATION    ARE    KEPT  FULLY 
TRAINED,    AND    IF   ALL   AIRPORT   AND    PLANE   EQUIPMENT    IS  ADE- 
QUATELY MAINTAINED,   THERE  WILL   BE   NO   STACKING  PROBLEM 
IN    BAD  WEATHER   DOWN   TO   THE   ESTABLISHED   MINIMUM.       |F  FIDO 
IS   USED,    THERE    SHOULD    BE,    IN   EFFECT,    NO   MINIMUM,    AND  NO 
SCHEDULE  UNRELIABILITY. 


Expediting  Ground  Traffic 

Schedules  are  not  completed  until  the  plane  arrives 
at  the  terminal.     In  all-weather  operations  IT  WILL  OFTEN 
happen  that  visibility  along  the  ground  is  restricted 
seriously  enough  to  make  taxiing  a  problem.    the  runway 
must  be  cleared  immediately  for  the  next  landing  operation, 
and  the  aircraft  must  be  guided  quickly  to  its  ramp. 
Likewise,  departing  aircraft  must  reach  the  takeoff  point 
without  delay,  and  without  danger  of  interfering  with 
planes  coming  in  for  a  landing.    a  mistake  at  any  point 
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in  the  ground  sequence  means  passenger  annoyance  at  best, 
and,  at  worst ,  a  progressive  disruption  of  operations, 
it  has,  therefore,  been  considered  essential  to  discuss 
taxiway  marking  (under  airport  lighting)  and  to  recom- 
mend high  intensity  taxiway  markers  as  a  necessary  part 
of  the  Integrated  Landing  aids  System. 


ALTERNAT  IVES 

If  it  should  not  prove  possible  to  install  A  TRUE 
all-weather  landing  aids  system,  san  francisco's  weather 
history  will  inevitably  control  to  a  considerable  degree 
the  scheduling  of  traffic  at  san  francisco  airport.  dis- 
regarding all-weather  flying  aids  for  a  moment,  insofar  as 
public  demand  permits,  some  traffic  might  be  adjusted  to 
fit  the  annual  and  diurnal  weather  cycles.    thus,   it  is 
desirable  that  fewer  arrivals  and  departures  be  scheduled 
for  the  hours  0000  to  0900  when  fog  is  most  likely  to 
interrupt  them.    likewise,  conferences  with  airline  traffic 
officials  and  a  systematic  study  of  public  needs  might 
permit  some  annual  shifting  of  the  daily  departure  times 
so  that  fewer  operations  would  be  set  up  for  the  critical 
fog  hours  during  the  winter  fog  months. 

in  time  it  may  become  necessary  to  accept  non- 
scheduled  operations  only  in  slack  periods  of  the  day. 
Such  a  scheduling  principle  may  be  objectionable  to 
individuals  and  may  even  seem  overcautious  during  ex- 
tended periods  of  good  weather.    nevertheless,  the  number 
of  planes  expected  should  not  be  allowed  to  exceed  the 
handling  capacity  of  the  field,  and  the  capacity  should 
be  looked  upon  as  the  rate  which  planes  can  be  safely 
handled  in  minimum  weather  conditions.    as  long  as  the 
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CONTINUED    POSSIBILITY  REMAINS   THAT   EXTENDED  PERIODS 
OF   "CLOSED"    WEATHER  WILL   OCCUR,    THE   CAPACITY   OF  THE 
FIELD  MUST   BE    REGARDED   AS  CONSIDERABLY   LESS   THAN  THE 
30   PLANES   PER    HOUR   THEORETICALLY   POSSIBLE   WITH  ALL- 
WEATHER   LANDING  AIDS. 

A  Word  of  Caut i on 

At  the  RISK  of  repetition,  we  must  continuously 

EMPHASIZE   THAT   ANY   SYSTEM   OF   AIDS    IS   EFFECTIVE    ONLY  TO 
THE   EXTENT  THAT    IT    IS   USED   BY  FULLY-TRAINED    PILOTS  AND 
OPERATED   AND  MAINTAINED   BY  COMPETENT,  FULLY-TRAINED 
GROUND   PERSONNEL.     EACH   STEP    IN   THE    DEVELOPMENT   OF  ALL- 
WEATHER   FLYING   MUST   BE   CAREFULLY    PREPARED   FOR,    AND  MUST 
BE    CONTINUOUSLY  CHECKED   ON   AFTER    IT    IS  TAKEN.      A  PRO- 
CEDURAL MANUAL   SHOULD   BE    PREPARED    FOR   TRAJNING  ALL 
PARTICIPATING   PERSONNEL,    INCLUDING   THE    PILOTS  WHO  WILL 
USE   THE   SYSTEM.      GROUND   PERSONNEL   SHOULD   CONDUCT  SIMU- 
LATED  OPERATIONS   PERIODICALLY   OF   THOSE   AIDS   NOT  USED 
DURING   CLEAR  WEATHER. 
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The  lack  of  adequate  landing  aids  is  recognized 
to  be  a  major  bottleneck  in  all-weather  f  l  y  i  n  g  •  a 
number  of  aids  of  various  kinds  have  been  proposed  ,  or 

ACTUALLY  DEVELOPED,   FOR  FACILITATING  LANDING   AND  TAKE- 
off in  bad  weather,    these  aids  have ,  in  some  cases, 
been  given  exaggerated  publicity,  and,  as  a  general  rule, 
are  not  well-enough  understood  to  permit  intelligent 
evaluation  and  proper  selection,    the  landing  aids  section 
Describes  in  general  terms  the  aids  which  are  believed  to 
be  essential  to  achieve  full  usage  of  the  san  francisco 
International  Airport. 


LANDING  AIDS 


ELECTRONIC  AIDS 


Electronic  equipment  which  should  be  considered 
for  installation  at  the  3an  francisco  international 
Airport  falls  into  two  classifications:     (i)  aids  whose 
immediate  installation  is  desirable  for  facilitation 
of  present  traffic,  and  (2)  aids  which  should  be  con- 
sidered for  installation  when  the  present  expansion 
and  reconstruction  program  is  nearing  completion, 
in  considering  the  various  aids,  it  is  desirable  to 
plan  installations  which  can  readily  be  shifted  to 
new  locations  when  the  new  runways  come  into  use, 
it  is  also  desirable  to  give  preference  to  devices  which, 
besides  present  usefulness,  have  the  potential  of  inclu- 
sion in  the  air  traffic  control  systems  being  developed 
for  the  future,  such  as  teleran  and  navar. 


aids  suitable  for  immediate  installation 
Instrument  Landing  System 

The  Instrument  Landing  System  now  in  operation  at 
the  airport  will  be  the  basic  low  approach  aid  for  the 
immediate  future.     i  his  equipment  is  installed  and  main- 
tained by  the  caa,  and  would  not  require  discussion  here 
if  it  were  not  for  the  runway  construction  program, 
i  his  program  will  necessitate  removal  of  the  localizer 
and  glidepath  transmitters  to  the  new  locations  serving 
instrument  Runway  28L.    While  construction  is  in  progress, 

PROBLEMS   OF   COURSE    STABILITY  ARE    LIKELY   TO   OCCUR,  PAR- 
TICULARLY    WITH    THE    LOCALIZER.      ALSO,    UNLESS  THE  FINAL 
PERMANENT   SITE    IS   CAREFULLY   SELECTED.    DEVIATIONS  MAY 
CONTINUE   TO   GIVE    TROUBLE    IN    THE    FUTURE.     WITH  PROPER 
CARE,   THESE  CAN   BE   MINIMIZED   OR   ALTOGETHER   AVOIDED.  OUR 
SUGGESTIONS    IN   THE    MATTER   OF   SELECTING    A   LOCATION  WILL 
APPEAR   UNDER  RECOMMENDATIONS. 
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Compass  Locator  Stations 

The  compass  locator  is  a  low-frequency  radio  trans- 
mitter WHICH   EMITS   AN   ESSENTIALLY   OMN I — D IRECT IONAL  SIGNAL. 

This  type  of  station  gives  properly  equipped  aircraft  a 
navigational  nfixtt  by  reference  to  which  the  pilot  can 
choose  an  appropriate  heading.    the  automatic  direction 
Finder  (A.D.F.)  receiving  equipment  of  the  aircraft  shows 
the  bearing  of  the  compass  locator  with  respect  to  the 
aircraft  heading  directly  on  a  compass  indicator.  the 
ground  location  of  the  compass  locator  being  received 
is  determined  by  the  pilot  from  a  coded  aural  signal 
delivered  to  his  headset. 

commercial  carriers  are  more  and  more  being  equipped 
with  dual  adf,  in  which  the  outputs  of  the  two  receivers 
operate  separate  pointers  on  a  common  axis  in  a  radio 
compass  indicator.    this  arrangement  allows  the  two 
receivers  to  be  tuned  either  to  two  different  transmitters 
or  to  the  same  station.    two  stations  permit  the  pilot 
or  navigator  to  quickly  establish  his  position  in  respect 
to  the  location  of  the  compass  locator  stations. 

when  two  compass  locator  transmitters  are  placed 
on  centerline  at  the  ends  of  a  landing  runway  equipped 
with  ils,  they  serve  as  an  additional  check  on  the  de- 
pendability of  the  ils  localizer  course. 

They  are  particularly  valuable,  however,  for  use 
in  making  a  low  approach  to  a  runway  not  equipped  with 
ils,  because  they  can  perform  the  function  of  the  ils 
localizer  in  setting  up  a  longitudinal  course  along  the 
axis.    When  ADF  is  used  with  the  altimeter  and  rate  of 

DESCENT    INDICATOR,    A   DESCENT   CAN    BE   SAFELY  AND  EASILY 
MADE   THROUGH    AN    OVERCAST   TO   AN    ALTITUDE    OF  200  FEET 
ABOVE  THE   TERRAIN.      SINCE   A   NON— I NSTRUMENT   RUNWAY  IS 
USED   ONLY  WITH   A   RELATIVELY   HIGH   CEILING,    THE   COMPASS  . 
LOCATOR  MAKES   A   SATISFACTORY  ELECTRONIC    LOW  APPROACH 
AID    IN  MARGINAL   VISIBILITY   CONDITIONS.     THE    PLANE  DROPS 
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OUT   OF  THE  OVERCAST   APPROXIMATELY  ALIGNED  WITH  THE 
RUNWAY  CENTERL I NE    AND    IN   SIGHT   OF   THE   APPROACH  AND/OR 
RUNWAY  LIGHTS;    PROVIDED,    OF   COURSE,   THE   DESCENT  HAS 
BEEN   PROPERLY  TIMED. 

COMPASS  LOCATORS   GIVE   THE   PILOT  THE  NAVIGATIONAL 
INFORMATION   HE   NEEDS  TO  EXECUTE    A  COMPLETELY  INDEPEND- 
ENT  PATTERN   AND   LOW   APPROACH   FROM  THE  TIME   HE  ENTERS 
THE   RANGE   OF   THE   TRANSMITTERS  UNTIL   HE   REACHES  THE 
LAST   STAGES   OF    THE   FINAL  APPROACH. 

VHF   DIRECTION  FINDER 

The  Very  High  Frequency  (VHF)  Direction  Finder  is 
an  electronic  device  used  in  an  airport  tower  to  deter- 
mine the  bearing  with  respect  to  the  tower  of  aircraft 
equipped  with  vhf  transmitters.     |t  presents  aircraft 
direction  on  an  oscilloscope  readable  in  daylight.  the 
aircraft  operates  its  vhf  transmitter  briefly  while  the 
ground  observer  tunes  in,  then  the  direction  of  the  plane 
can  be  read  directly  off  the  compass  rose  surrounding 
the  oscilloscope.    the  device  permits  a  tower  operator 
familiar  with  local  terrain  to  direct  the  pilot  into 
some  general  area  where  letdown  through  overcast  can 
safely  be  undertaken. 

in  inclement  weather  it  may  happen  that  the  vhf 
transmitting  and  receiving  equipment  is  the  only  elec- 
tronic equipment  left  operative  in  a  plane •    |n  such 
an  emergency  the  tower  operator,  using  only  the  vhf 
Direction  Finder,  may  be  able  to  direct  the  plane  to 

SAFETY. 


Aids  Suitable  for  Later  Installation 

The  second  phase  of  the  development  of  San  Fran- 
cisco International  Airport  will  begin  with  completion 

OF   THE   PRESENT   EXPANSION   PROGRAM  ABOUT    |950.      AT  THAT 
TIME    IT  WILL   BE   WISE   TO   RECONSIDER   THE   ELECTRONIC  EQUIP- 
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ment  in  use  and  desirable  in  the  light  of  progress  made 
during  the  intervening  years.    at  that  time,  in  particular, 
electronic  traffic  control  devices  will  doubtless  have 
reached  an  advanced  stage  of  perfection  for  commercial 
use.    Moreover,  the  experience  of  pilots  using  the  airport 
WILL  HAVE  risen  to  a  level  where  they  can  begin  adopting 
precision  approach  and  landing  procedures.     It  is  also 
quite  probable  that  the  increase  of  traffic  into  and  out 
of  San  Francisco  will,  by  that  time,  make  area  traffic 
control  highly  desirable,  if  not  essential. 

Traffic  control  methods  in  process  of  development 
all  contemplate  the  general  use  of  radar,  possibly  ex- 
tending into  the  final  approach  and  landing  technique, 
the  following  devices  are  certain  to  be  required  as  a 
part  of  the  future  air  navigation  and  control  systems: 

Search  Radar 

it  will  be  essential  at  any  busy  field  that  the 
control  tower  have  a  search  radar  unit  capable  of  scanning 
the  sky  over  a  50  mile  radius,  or  more,  and  of  revealing 
the  location  of  all  planes  in  the  area,  and  their  lateral 
separation  in  respect  to  one  another.    the  information 
thus  obtained  should  be  presented  on  an  advanced  type 
of  PPI  (Plane  Position  Indicator)  oscilloscope,  i2  inches 

OR   MORE    IN  DIAMETER.     THESE   SCOPES   SHOULD   BE  READABLE 
IN   DAYLIGHT,    SO  THAT  TRAFFIC    INFORMATION  MAY  BE  EXCHANGED 
AMONG   TOWER  PERSONNEL  WITHOUT  TELECOMMUNICATION  TO  A 
DARKENED   RADAR   ROOM.     EQUIPMENT  MEETING   THESE  SPECIFI- 
CATIONS   IS  BEING   DEVELOPED   AT  THE   PRESENT   TIME,  AND 
SHOULD   BE   READILY   AVAILABLE   BY  THE  TIME  SAN  FRANCISCO 

Airport  needs  it. 

Height-Finding  Radar 

This  radar  device  is  a  companion  to  the  search 

RADAR.      IT  WILL   BE   ABLE  TO  MEASURE   THE   ALTITUDE   OF  ANY 
PLANE  WITHIN  50  MILES  AND  FROM   GROUND   LEVEL  TO  20,000 
FEET.      THUS,   THE  TOWER  WILL   KNOW  THE   ALTITUDE   AS  WELL 
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as  the  location  of  every  plane  in  the  vicinity,  and 
can  maintain  adequate  separation  of  traffic. 

Used  together,  the  search  and  height  finding  radar 
will  provide  a  means  for  directing  aircraft  not  equipped 
for  |ls  operations  down  through  an  overcast  to  contact 
landing  elevations.    they  also  provide  the  tower  with 
a  means  of  checking  the  i ls  courses. 

ground  control  approach 

gca  differs  from  the  radar  devices  above  in  being 
designed  to  direct  the  complete  approach  of  an  aircraft 
from  the  time  it  nears  the  field  until  it  touches  down 
on  the  runway.     i  he  devices  now  in  use  combine  two  search 
radar  scopes  with  four  precision  azimuth  and  altitude 
scopes  to  cover  all  parts  of  the  final  approach.  the 
military  version  used  during  the  war  requires  5  highly 
trained  operators  continuously  on  duty  in  addition  to 
competent  maintenance  personnel.    this  crew  is  too  large 
a  staff  for  a  municipal  airport  to  provide  when  it  is 
considered  that  4  complete  crews  of  operators  and  main- 
tenance personnel  must  be  available  to  keep  the  gca 
equipment  operating  24  hours  a  day,  7  days  a  week.  at 
present  the  caa  and  other  agencies  are  testing  modifi- 
cations of  the  military  unit  in  which  the  indicators 
have  been  remoted  to  the  airport  tower.    the  presentation 
of  information  has  been  consolidated  so  that  only  two 
oscilloscopes  are  required  to  cover  the  search  pattern 
and  the  precision  glidepath,  as  compared  with  6  oscillo- 
scopes in  the  unmodified  military  device.    two  operators 
handle  the  entire  process.    before  long  these  experi- 
ments should  bring  out  much  simpler  radar  devices  for 
precisely  directing  the  complete  final  approach  to  touch- 
down,   at  that  time  it  is  urged  that  arrangements  be  made 
with  the  caa  to  expedite  the  installation  of  such  a  unit 
at  San  Francisco,  for  the  use  of  planes  not  equipped  with 
ILS,  and  for  monitoring  ILS  approaches,  especially  during 
heavy  traffic  periods. 
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Power  requirements  for  any  future      A  equipment 
will  not  exceed  1 00  amperes  at  il7  volts,  the  require- 
ment for  the  present  military  version;  in  fact,  they 
should  be  less,  since  the  search  function  w  i  ll  be 
assigned  to  the  tower  radar.  and  power  supplies  to  the 
precision  unit  on  the  field  will  thereby  be  reduced. 

Radar  Beacons 

The  radar  beacon  is  a  navigational  device  used  in 
connection  with  airborne  search  radar.    by  means  of 
beacons,  the  pilot  can  determine  the  exact  map  location 
of  his  plane  when  flying  through  or  above  an  unbroken 
cloud  layer.    the  airborne  search  unit  presents  the  pilot 
with  a  map  of  the  terrain  below.    any  radar  beacons  lo- 
cated within  the  airborne  scan  appear  on  the  map  as  points 
of  light,  and  the  pilot  can  set  a  course  by  reference  to 

THEM.     WHEN  THE  BEACON    INTERCEPTS   the   signal  FROM  the 
AIRBORNE    SEARCH    UNIT,    IT    INSTANTLY  TRANSMITS   A  CODED 
IDENTIFICATION   FROM  WHICH   THE    PILOT   CAN    IDENTIFY  THE 
BEACON;    ALSO,    HE   CAN   DETERMINE    THE   DISTANCE   AND  BEARING 
TO   THE    IDENTIFIED    RADAR   BEACON.      TWO   BEACONS  ALIGNED 
ALONG   THE    EXTENDED    RUNWAY   CENTERLINE   PROVIDE   AN  ADEQUATE 
LOW   APPROACH   AID.      ALTHOUGH    AIRBORNE   SEARCH    RADAR  HAS 
NOT   YET   BECOME   COMMON   ON   CIVILIAN    AIRCRAFT,    THE  MORE 
PROGRESSIVE   AIRLINES   ARE   ADOPTING    IT,    AND    IT    IS  LIKELY 
TO   BECOME   UNIVERSAL    IN   A   SHORT   TIME.       IT    IS   BADLY  NEEDED 
ON   ALL   LARGE   CIVILIAN  AIRCRAFT. 


THE  LONG  V  I EW 

THE   PRESENT    STATUS   OF    l  ELERAN  ,   NAVAR    AND  RELATED 
PROPOSALS  FOR    AIRCRAFT   NAVIGATION   AND   CONTROL    IS  NOT 
WELL   ENOUGH    ESTABLISHED  TO   BE    INCLUDED    IN   THIS  STUDY. 
IT    IS  TO  BE  POINTED    OUT   THAT  MANY   OF   THE   DEVICES  DIS- 
CUSSED  HEREIN  WILL    IN  MANY  CASES   BE    SUITABLE   FOR  IN- 
CLUSION   IN  THE   NEW   SYSTEMS   AND  WILL   NOT,  THEREFORE, 
BECOME  OBSOLETE. 
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For  use  in  low  visibility  conditions,  the  design 
of  airport  lighting  is  predicated  on  the  use  of  elec- 
tronic low  approach  aids  to  guide  aircraft  as  far  as 
the  middle  marker  on  their  final  approach;  that  is,  to 
a  point  approximately  3500  feet  from  the  runway.  at 
this  point,  the  plane  should  be  not  more  than  300  feet 
off  the  approach  centerline,  nor  more  than  1 00  feet  be- 
low or  200  feet  above  the  correct  glidepath.  practiced 
instrument  pilots  normally  achieve  better  than  this  degree 
of  precision  in  following  ils.    from  the  middle  marker  to 
the  runway  continuous  visual  guidance  is  desirable,  by 
means  of  which  the  pilot  can  determine  the  runway  axis, 
line  his  plane  up  with  it,  and  gauge  his  attitude,  alti- 
tude, and  progress  toward  the  threshold, 


Approach  Lights 

For  types  of  aircraft  now  in  service,  the  only  satis- 
factory VISUAL    INDICATION   OF   CORRECT   HEADING    IN  LOW  VISI- 
bility is  given  by  level  rows  of  lights  paralleling  the 
approach,  alongside  which  the  pilot  aligns  his  plane, 
two  rows  offset  symmetrically  from  the  axis  will  adequately 
define  its  location  for  the  last  approach  stage.  two 
rows  will  also  provide  an  external  ground  plane  from  which 
the  pilot  can  estimate  attitude,  altitude  and  longitudinal 
progress  to  the  extent  that  the  rows  are  visible  in  the 
field  of  view  permitted  by  the  cockpit  structure  ("cockpit 
cutoff")  through  the  prevailing  atmospheric  condition, 
a  minimum  of  three  lights  per  row  is  considered  necessary 
for  such  judgements. 

The  interim  standard  approach  light  system  recently 
adopted  by  the  approach  light  evaluation  subcommittee  of 
the  Aeronautical  Board  recommends  the  installation  of  two 
light  rows  parallel  with  the  axis  and  offset  1 00  to  1 25 
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FEET  LEFT  AND  RIGHT  OF  THE  AXIS.  THE  ROWS  MUST  EXTEND 
FROM  THE  THRESHOLD  TO  A  POINT  3000  FEET  OUT  IN  THE  AP- 
PROACH.    Lights  are  to  be  spaced  iOO  to  200  feet  apart 

ALONG   THE  ROWS.      To   DISTINGUISH   THE    ROWS,    THE   UNITS  ON 
THE    PILOT'S  LEFT   ARE    TO   BE    RED,    THOSE    ON    HIS   RIGHT   AMBER • 
AT   CIVILIAN    AIRPORTS,    THE   LEFT   ROW   OF   THIS    SYSTEM  MAY 
BE    INSTALLED   ALONE ,    BUT  THIS    IS   DEFINITELY   NOT  RECOMMENDED, 

INASMUCH    AS    IT   LARGELY   ELIMINATES  THE   POSSIBILITY   OF  ESTI- 
MATING   ATTITUDE   AND   ALTITUDE   BY  WATCHING   THE   LIGHTS.  ALSO, 

IT   DECREASES   THE    GUIDANCE    AVAILABLE   TO   PILOTS  APPROACH  I NG 
OFF   THE   CORRECT  GLIDEPATH. 

Another  configuration,  the  CAA  Slope-line  System, 

DESIGNED   ON   GEOMETRIC    PRINCIPLES  TO  SHOW  THE   PILOT  THE 
EXACT  LOCATION   OF   THE  CORRECT   GLIDEPATH,    IS  TO  BE  TESTED 
THIS  YEAR.     SINCE   ITS  effectiveness  in  fog  HAS  not  yet 
been  established,  it  cannot  be  recommended  at  this  time. 
However,  it  should  be  kept  in  mind. 

FOR    INSTALLATION    ON   THE    PARALLEL   ROW  SYSTEM,  TWO 
MAIN   TYPES  OF   LIGHT   UNITS   ARE   AVAILABLE:    THOSE  USING 
INCANDESCENT   LAMPS,    AND  A  NEW  TYPE    IN   WHICH   LIGHT  IS 
OBTAINED  FROM  AN   ELECTRICAL   DISCHARGE   THROUGH  KRYPTON 
GAS.     THE  LATTER  UNITS  HAVE   NOT    AS  YET   BEEN  ADEQUATELY 
TESTED    IN   LOW  VISIBILITY  CONDITIONS,    AND   THEIR  USEFULNESS 
IS  UNDETERMINED.       THEORETICALLY,   THEY   SHOULD   BE  VERY 
EFFECTIVE    <N   FOG;    THEREFORE,   GASEOUS   DISCHARGE  LIGHTS 
SHOULD  ALSO   BE    KEPT    IN  MIND   UNTIL   TESTS   SCHEDULED  FOR 
THIS   SUMMER   HAVE   BEEN   PERFORMED.     GASEOUS  DISCHARGE 
APPROACH   LIGHTS  WILL   BE  MORE  EXPENSIVE  TO  BUY  AND 
INSTALL  THAN   PRESENT  TYPES. 

THE   CONVENTIONAL    INCANDESCENT  TYPE   OF   LIGHT  HAS 
BEEN   TESTED  AND   PROVED  TO  BE  ADEQUATE   AT    I /2  MILE  DAY- 
LIGHT OBJECT   VISIBILITY,   AND  BELOW,   AFTER   PILOTS  HAVE 
BECOME   FULLY   EXPERIENCED    IN    ITS  USE.      A  WIDE   BEAM  OF 
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RECTANGULAR   DISTRIBUTION   HAS   BEEN   FOUND   TO   BE    THE  MOST 
DESIRABLE,     W I  DE-BEAM   LIGHTS,    WITH   A   PEAK  CANDLEPOWER 
OF    NOT   LESS   THAN    100,000    (CLEAR)    AND   HAVING   A  DIVERGENCE 
OF   30  TO  40   DEGREES  WITHIN  WHICH    THE   CANDLEPOWER    IS  UNI- 
FORM  AND    DOES   NOT    DROP   BELOW   3/5   OF   THE    PEAK   VALUE,  HAVE 
BEEN    SUCCESSFULLY   FLOWN    IN   CONDITIONS   OF   LESS   THAN  l/8 
MILE    VISIBILITY  AND    lOO-FOOT  CEILING. 

THE    VALUE   OF   THE   WIDE-BEAM   SPREAD   LIES    IN   THE  FACT 
THAT   SUCH   UNITS   ARE    VISIBLE   THROUGHOUT   VERY  LARGE  VER- 
TICAL   PLANES    IN   THE   APPROACH    AREA,    OUTSIDE   OF,    AND  OVER 
THE    LIGHTING   SYSTEM.      THE   FULL   GUIDANCE   VALUE    OF  THE 
LIGHTING    SYSTEM    IS   THEREBY  MADE    AVAILABLE    BOTH  TO  PILOTS 
FLYING   THE   CORRECT   GLIDEPATH    AND   TO   THOSE   WHO,    FOR  VARIOUS 
REASONS,    ENTER   THE    APPROACH    AREA   ABOVE,    BELOW,    OR   TO  EITHER 
SIDE    OF   THE   CORRECT  GLIDEPATH. 


"Stub"  Approach  Light  System 

At  airports  where  very  low  ceilings  and  visibili- 
ties  RARELY  OCCUR,    AND   ON   RUNWAYS   USED   ONLY    IN  MARGINAL 
VISIBILITY   CONDITIONS,    THE   FULL   3000-FOOT   APPROACH  LIGHT 
CONFIGURATION    IS   NOT   REQUIRED,       |N    SUCH   CASES,   " STUB" 
APPROACH    LIGHT  SYSTEMS   ARE    RECOMMENDED.      THESE  SYSTEMS 
ARE    IN    ALL   RESPECTS    IDENTICAL   WITH   THE   FULL  CONFIGURATION 
EXCEPT   THAT   THEY   EXTEND    ONLY    lOOO   FEET    INTO  THE  APPROACH 
FROM   THE   RUNWAY   THRESHOLD.      THE   MAXIMUM   ALLOWABLE  LIGHT 
SPACING,   200   FEET   APART   ALONG   THE    ROWS,    IS   DESIRABLE  FOR 
THESE  SYSTEMS. 


Runway  Marker  Lights 

The  wide-beam  principle  applies  to  runway  markers 
as  well  as  approach  lights,  although  the  required  di- 
vergence is  much  smaller.    A  plane  on  centerline  should 

CROSS  THE  MARGIN  INTO  THE  MAIN  BEAM  ABOUT  4000  FEET  FROM 
ANY  LIGHT  CONSIDERED,  AND  SHOULD  FLY  CONTINUOUSLY  IN  THE 
MAIN   BEAM   UNTIL    IT   REACHES   A   POINT   ABOUT   500   FEET  FROM 
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THE    LIGHT   CONSIDERED.      THIS   REQUIRES   A   UNIFORM  BEAM 
9  -    10   DEGREES   WIDE,    THE    OUTER   EDGE    OF   WHICH    IS  ALIGNED 
APPROXIMATELY  WITH   THE   RUNWAY  MARGIN.      THE  DIVERGENCE 
IN   THE   VERTICAL   PLANE   SHOULD    BE    EQUAL  TO  THE  HORIZONTAL 
SPREAD,    TO   COVER    ALL   POSSIBLE   ANGLES   OF    DESCENT,    YET  NOT 
BLIND    THE   PILOT   DURING   HIS  TOUCHDOWN   AND    ROLL  UNDER 
NIGHT  CONDITIONS.      WITHIN   THIS   SPREAD   THE  CANDLEPOWER 
SHOULD   NOT   BE    LESS   THAN  20,000.      GREATER   VALUES  ARE 
DESIRABLE    FOR   DAYLIGHT  USE. 

A   BEAM   OF   THIS   TYPE   CAN   BE   OF   CONICAL   SHAPE  FOR 
THE    SAKE    OF   ECONOMY,    SUCH   AS    IS   PRODUCED    BY   A  PROPERLY 
LOCATED    LI.GHT    SOURCE    BEHIND   A   SINGLE    CONCENTRIC  CONDEN- 
SER lens.     Provision  must,  of  course,  be  made  for  follow- 
ing  THE   ANC   STANDARD   COLOR   SEQUENCE .   THIS  PROVISION 
SHOULD   ALLOW  FOR    POSSIBLE    FUTURE   CHANCES    IN  THE  SEQUENCE . 

IN   ADDITION   TO   DISTINCTIVELY  MARKING   THE  RUNWAY 
FOR   APPROACHES   FROM   EITHER   END,    THE   MARKERS   SHOULD  PRO- 
VIDE   DIRECT   BEAMS   UPWARD   AND   TO   THE   SIDE   FOR    THE  GUIDANCE 
OF    PLANES   CIRCLING  THE   FIELD    IN   CLEAR   WEATHER   OR  BELOW 
AN    OVERCAST.      B I -D I RECT I  ON AL   LIGHTS  WITH  ADDITIONAL 
SIDE    AND   ZENITH   LENSES  ARE    SATISFACTORY   FOR   THIS  PURPOSE, 
PROVIDED  THE   LAMPS  USED   HAVE   AN   ADEQUATE   LUMEN   OUTPUT  TO 
PROVIDE   THE   MAIN   BEAM  CANDLEPOWER  SUGGESTED  ABOVE. 


Br  ightness  Controls 

The  candlepowers  recommended  for  both  approach  and 
runway  lights  are  minimum  essentials  for  daylight  opera- 
TIONS.    At  night,  when  background  BRIGHTNESS   IS  a  VERY 
SMALL   FRACTION    OF    THE   DAYLIGHT  VALUES,   LOWER  CANDLEPOWER 
WILL   ACCOMPLISH   THE    SAME   PURPOSES.      ALSO,   AT   NIGHT  THE 
PILOT    IS  MORE    OR   LESS    DARK   ADAPTED,    SO  THAT  FULL  BRIGHT- 
NESS MIGHT  CREATE    A   BLINDING   GLARE.       |T    IS,  THEREFORE, 
NECESSARY  TO   PROVIDE    BRIGHTNESS   CONTROLS   FOR  EVENING 
AND    NIGHT    OPERATIONS.      THE    STANDARD   REGULATORS   USED  FOR 
THIS   PURPOSE   PERMIT   BRIGHTNESS   TO   BE   VARIED    IN  THE 
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FOLLOWING   STEPS*      \%9    3%,    l0%,   30%,    AND    l00%.  THESE 
INTERVALS   ARE   SATISFACTORY   FOR  USE   WITH   THE  APPROACH 
AND    RUNWAY  LIGHTS   SUGGESTED.       IF   UNITS   WITH  ADDITIONAL 
CANDLEPOWER   ARE    OBTAINED,    IT  MAY  BE    NECESSARY  TO  PRO- 
VIDE   REGULATORS  WITH   LARGER   BRIGHTNESS    INTERVALS,  CAPABLE 
OF    REDUCING  THE   LIGHTS   ON   CLEAR    NIGHTS   TO  A  CANDLEPOWER 
WHICH   WILL   NOT  CAUSE  GLARE, 


Tax iway  Lighting 

it  has  not  been  the  practice  in  the  past  to  use 
lights  of  high  candlepower  for  tax  i way  marking,  since 
aircraft  operations  have  been  restricted  to  conditions 
in  which  ground  level  visibility  is  too  good  to  require 
them.    However,  future  operations  will  be  conducted  in 
conditions  which  will  seriously  restrict  visibility 
along  the  ground.    This  is  particularly  true  if  FIDO 
is  to  be  used,  since  the  burners  will  not  increase  visi- 
bility in  the  upwind  area,  and  will  not  necessarily 
clear  the  surface  layer  downwind  of  the  runway.  obvi- 
ously, there  is  little  to  be  gained  if  planes  are  brought 
down  by  fido  but  are  unable  to  taxi  to  the  ramp. 

San  Francisco,  in  planning  for  all-weather  opera- 
tion,  SHOULD  CONSIDER  THE   POSSIBILITY  THAT  A  PLANE  TAXI- 
ING TO  OR  FROM   THE   RUNWAY  WILL   HAVE   TO  TRAVEL   LONG  DIS- 
TANCES  THROUGH   FOGS  LYING   ON  THE    SURFACE,   WHICH  MAY 
RESTRICT   THE   PILOTTS   VISIBILITY   TO    l/l6  MILE   OR  LESS 
AHEAD   OF  THE   PLANE.      UNDER  THESE   CIRCUMSTANCES  TAXI 
LIGHTS  OF   GREATER  CANDLEPOWER  THAN  THOSE   NOW    IN   USE  WILL 
BE   REQUIRED  TO  PENETRATE   THE  FOG   AND  MARK   OUT  THE  PATH 
AHEAD. 

The  standard  color  of  taxi  lights  is  blue;  filters 
of  this  color  reduce  the  effective  light  output  of  in- 
candescent lamps  to  about  1/1O  the  unfiltered  value. 
Incandescent  lights  used  for  the  purpose  will,  therefore, 
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have  to  have  very  high  initial  values  to  effectively 
penetrate  a  dense  fog.    point  sources  of  light,  which 
are  necessarily  of  the  incandescent  design,  are  con- 
sidered to  be  the  most  effective  for  fog  penetration. 

Looking  ahead,  it  would  be  desirable  to  make  plans 
now  for  a  tax  i  way  lighting  installation  whose  lights 
will  be  visible  at  least  400  -  600  feet  ahead  of  the 
tax  i  i ng  plane  in  the  densest  possible  fog.    to  obtain 
this  visual  range  will  require  unf i ltered  candlepowers 
on  the  order  of  20,000,  or  approximately  the  same  as 
the  runway  lights.    these  ranges  will  give  adequate 
advance  notice  of  turns  for  the  pilot  of  large  aircraft 
which  are  difficult  to  maneuver  on  the  ground,  and  will 
also  establish  a  dependable  line  of  lights  ahead  for 
rapid  movement  along  straight  sections. 

the  necessary  candlepower  distribution  for  taxi 
lights  is  practically  the  same  as  for  runway  lights; 
and,  as  with  the  runway  lights,  intensity  controls  will 
be  needed  to  reduce  their  brilliance  at  night. 
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fido  is  a  method  of  removing  fog  from  the  runway 
areas  of  airports.    the  initial  development  work  which 
made  fido  a  practical  device  for  controlling  terminal 
weather  was  undertaken  by  british  and  american  scien- 
tists during  the  war  to  facilitate  the  continuous  opera- 
tion of  military  aircraft  over  the  continent.    the  only 
proven  method  of  dispersing  fog  is  by  thermal  means  and 
consists  of  supplying  enough  heat  to  the  air  over  the 
runway  to  evaporate  the  droplets  of  liquid  water  which 
constitute  a  fog.     i  he  removal  of  these  fog  particles 
brings  about  an  increase  in  the  ceiling  and  visibility. 
Other  methods  of  dispersing  fog  have  been  tried  on  a  field 
test  scale  with  varying  degrees  of  success.  however, 
none  of  the  other  methods  are  as  efficient,  practical, 
economical,  and/or  generally  acceptable  as  the  thermal 

PROCESS. 

FIDO    IS   A    SPECIFIC    REMEDY   FOR   AIRPORTS   HAMPERED  BY 
FREQUENT   FOGS.       |T  WILL    NOT    IMPROVE   THE   VISIBILITY  DURING 
RAIN,    SNOW,    OR   DUST    STORMS,    NOR   REMOVE    SMOKE   FROM  THE 
ATMOSPHERE.      FOG,    HOWEVER,    IS  THE   CAUSE    OF   NEARLY  ALL 
THE    INTERRUPTIONS    IN    AIRCRAFT   OPERATION   AT  SAN  FRANCISCO. 
A   FOG   DISPERSAL    INSTALLATION  WHICH   WILL   ALLOW  AIRLINES 
TO   SCHEDULE    OPERATIONS   TO   AND   FROM  SAN  FRANCISCO  REGARD- 
LESS  OF   FOG    WILL   PERMIT   THEM  TO   PROMISE   THE    PUBLIC  THE 
SAME   SCHEDULE    RELIABILITY   AS   SURFACE  TRANSPORTATION. 
A  FIDO    INSTALLATION    IS   RELATIVELY  EXPENSIVE  WHEN  COMPARED 
WITH    OTHER    TYPES  OF    LANDING    AIDS.      HOWEVER,    THE  OUT-OF- 
POCKET   COST   TO  THE   AIRLINES   EACH   YEAR   RESULTING  FROM 
CANCELLATIONS   AT   SAN  FRANCISCO  WOULD   PAY    FOR    A  FIDO  IN- 
STALLATION   IN    LESS   THAN    FIVE   YEARS.     THIS   STATEMENT  DOES 
NOT  TAKE    INTO  ACCOUNT   THE   ADDITIONAL    INCOME  WHICH  WOULD 
DERIVE   TO  THE  AIRLINES    IF   THEY  COULD   OFFER   SCHEDULE  RE- 
LIABILITY. 
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a  fog  dispersal  installation  is  used  only  when 
other  landing  aids  are  insufficient  to  effect  a  landing; 
that  is,  when  ceiling  and  visibility  are  below  the  legal 
minimums.    fido  is  used  at  such  times  to  artificially 
create  minimum  conditions  over  the  runways  used  for  land- 
ing and  takeoff  in  instrument  weather •     |t  isa  last 
resort,  and  will  be  gradually  superseded  when  the  im- 
provement of  electronic  landing  aids  permits  minimums 
to  be  lowered  and  eventually  discarded. 

the  addition  of  heat  to  the  air  over  an  airport 
is  most  readily  accomplished  by  burning  fuel  in  open 
flames  about  the  perimeter  of  the  area  to  be  cleared. 
The  location  of  the  burners  relative  to  the  runway  area 
depends  upon  the  winds  accompanying  fog.    the  amount  of 
fuel  necessary  to  accomplish  the  clearance  is  dependent 
upon  the  required  dimensions  of  clearance,  particularly 
the  ceiling  height,  the  water  content  of  the  fog,  and 
the  wind  conditions  accompanying  the  fog.    the  design 
of  fog  dispersal  systems  has  been  exhaustively  studied 
in  wind  tunnels  and  in  the  field.    this  data  has  been 
used  in  laying  out  the  fog  dispersal  installation  recom- 
MENDED for  the  San  Francisco  Airport. 

Wartime  FIDO  made  use  of  low-pressure  burner  instal- 
lations,  CONSTRUCTED   ON   THE   SAME   PRINCIPLE   AS  GASOLINE 

stoves  and  lanterns,  in  which  the  burner  vaporizes  its 
fuel  in  a  pre-heater  device  prior  to  burning  it  in  the 
open  air.    Relatively  expensive  gasoline  was  the  only 
fuel  which  could  be  used  in  low-pressure  burners.  they 
required  a  wasteful  five  to  ten  minute  pre-heating  period 
before  dispersal  could  begin,  during  which  time  a  great 
deal  of  smoke  was  released  into  the  atmosphere. 
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Contemporary  types  of  FIDO  use  high  pressure  burners 

MODIFIED   FROM  THOSE    BUILT   FOR    INDUSTRIAL    AND  MARINE 
BOILERS,      THE   HIGH    PRESSURE    BURNER   RECEIVES    ITS   FUEL  AT 
A   PRESSURE   OF    1 000  TO    1 500   POUNDS   PER   SQUARE    INCH,  WHEN 
FUEL   GOES  THROUGH   THE   SPECIALLY  DESIGNED   NOZZLES  AT  THIS 
HIGH    PRESSURE,    IT    IS   ATOMIZED    INTO   A   SPRAY   OF  MICROSCOPIC 
DROPLETS  WHICH   BURN    SMOKELESSLY    IN   THE  OPEN   AIR.  THIS 
BURNER  DOES   NOT  NEED   A   PRE-HEAT   PERIOD;    IT  ACHIEVES 
SMOKELESS  COMBUSTION   AS  SOON   AS  THE   FUEL    IN  THE  BURNER 
LINE   REACHES   FULL   PRESSURE,   WHICH    IS  A  MATTER   OF  SECONDS, 
THE   SMOKELESS  COMBUSTION    OF  THE   HIGH   PRESSURE   BURNER  AL- 
LOWS FOG   DISPERSAL   TO  TAKE   PLACE   MORE   QUICKLY   AND  WITH 
LESS   OF   THE   FUEL,      ALSO,   THESE    BURNERS  CAN   OPERATE  WITH 
HEAVIER,   LESS   EXPENSIVE   FUELS,    SUCH   AS  LIGHT   DIESEL  OR 
FURNACE  OIL. 

Additional  features  of  modern  FIDO  are  automatic 

IGNITION,   AND   REMOTELY  CONTROLLED  VALVES  AND   PUMPS  WHICH 
ALLOW  A   HIGH   PRESSURE   SYSTEM  TO   BE   OPERATED  WITH  PRECISION, 
THE    BURNING   PERIOD   CAN   BE   CAREFULLY  COORDINATED  WITH  THE 
MOVEMENTS  OF   THE   APPROACHING   AIRCRAFT,     THIS  SYNCHRONI- 
ZATION  PERMITS   A   FOG   DISPERSAL   SYSTEM  TO   BE   OPERATED  A 
MINIMUM  LENGTH   OF   TIME  WITH   A  MINIMUM  FUEL  EXPENDITURE. 

THE  MOST   RECENT   DEVELOPMENT    IS  THE   VARIABLE  CAPAC- 
ITY  HIGH   PRESSURE   BURNER.     THESE   BURNERS,    WITH  THEIR 
ASSOCIATED   EQUIPMENT,    PERMIT  THE   AMOUNT   OF   HEAT  INTRO- 
DUCED   INTO   THE   ATMOSPHERE  TO   BE   VARIED   OVER   A   RANGE  OF 

4  to  k    With  such  an  installation,  FIDO  can  be  adjusted 
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to  particular  weather  conditions.    f-  uel  consumption  can 
be  reduced  in  light  fogs  with  near-calm  wind  conditions, 
yet  the  capacity  is  available  for  successfully  combatting 
the  more  severe  conditions  which  occasionally  will  occur. 
Variable  capacity  burners  cost  somewhat  more  than  fixed 
types,  but  should  soon  pay  for  themselves  in  reduced 
annual  fuel  bills. 
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It  is  estimated  that  a  complete  and  well- I ntegrated 
system  of  landing  aids  which  would  insure  1 00  per  cent 
utilization  of  the  airport,  regardless  of  terminal  weather 
conditions.  will  cost  $1,092,500,  or  about  3  per  cent  of 
the  value  of  the  san  francisco  international  airport, 
the  total  installation  costs  would,  in  all  probability, 
be  apportioned  between  federal  agencies  and  the  city  and 
County  of  San  Francisco,  as  is  indicated  in  Table  i. 

Operational  and  maintenance  costs  to  san  Francisco 
for  the  recommended  landing  aids,  including  manpower . 
materials,  fuels,  etc.,  would  run  a  minimum  of  $95,000 
per  year  for  the  system  (based  on  average  annual  inci- 
DENCE of  fog).    These  costs  are  broken  down  in  Table  2. 

Table  3  analyzes  the  installation  and  operational 
costs  on  a  yearly  basis.    Although  many  of  the  aids  under 
consideration  may  still  be  in  use  ten  years  from  now, 
there  are  items  now  in  the  research  stage  which  may 
make  obsolete  some  of  the  present  aids  in  five  to  seven 
years,  in  spite  of  the  time  required  for  development, 
evaluation,  standardization,  production,  and  installa- 
TION.     It    is,  THEREFORE,   CONSIDERED  ADVISABLE  to  plan 

on  amortization  of  the  integrated  system  recommended  in 
this  report  over  a  seven-year  period. 

Even  with  the  outstanding  efficiency  which  has. 
marked  the  operation  of  the  san  francisco  international 
Airport  in  past  years,  it  is  probable  that  the  recom- 
mended  SYSTEM  COULD  NOT   BE   READY  FOR  OPERATION  UNTIL 
THE   WINTER   OF    |949-|950.      HENCE,   AMORTIZATION   AND  OPERA- 
TING  COSTS   ARE   PRESENTED   FOR   A   SEVEN-YEAR   PERIOD,  BE- 
GINNING WITH  |950. 
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Table  i 


Estimated  Initial  Cost  of  Integrated  Landing  Aids  System 
San  Francisco  International  Airport 

CAA  Responsibility 

Electronic  Aids 

ILS  $  70,000.00 

GCA  (when  approved  for  use  by  CAA)  100,000.00 

Search  Radar  50,000.00 

Height  Finder  50,000.00 

Compass  Locators  (4)  10,000.00 

VHF  Direction  Finder  2,500.00 

Total  $282,500.00 

Airport  Lighting 

3000T  Approach  System  $  75,000.00 

i000T  Stub  Approach  System  35,000.00 

i/2  of  Runway  Lighting  62,500.00 

i/2  of  Taxiway  Lighting  62,500.00 

Total  $235,000.00 

Total  Estimated  Installation  Cost  to  the  CAA:    $  5i7,500.00 


Municipal  Responsibility 

airport  Lighting 

i/2  of  Runway  Lighting  $  62,500.00 

i/2  of  Taxiway  Lighting  62,500.00 

Total  $125,000.00 

FIDO    (suggested  municipal 
responsibility) 
Installation  of  Basic  System  $4-50,000.00 

Total 

Estimated  Installation  Cost  to  San  Francisco:    $  575,000.00 


ESTIMATED  TOTAL  COST  OF  ALL  LANDING  AIDS:  $1,092,500.00 


Table  2 


Estimated  Annual  Operating  and  Maintenance  Costs 
Of  Municipally  Operated  Integrated  Landing  Aids 
San  Francisco  International  Airport 


Airport  Lighting 


Labor 

Runway  Lamp  Replacement 
Runway  Unit  Replacement 
Approach  Lamp  Replacement 
Approach  Unit  Replacement 
Power  Consumption  Per  Year 
Mi scellaneous 


0 
(  10%) 

(100%) 
(i  unit) 


Total 


5,000.00 
800.00 
3,200.00 
1,700.00 
800.00 
2,000.00 
i ,500.00 
5,000.00 


FIDO 

Labor  $  30,000.00 

Burner  System  Maintenance  7,500.00 

Distribution  System  Maintenance  6,500.00 

Miscellaneous  i ,000.00 
Fuel    (based  on  average  yearly 

weather  and  january  |948  scheduling)  35,000.00 

Total  $  80,000.00 


ESTIMATED  TOTAL  YEARLY  OPERATING  COST 

OF  ALL  MUNICIPALLY  OPERATED  LANDING  AIDS:        $  95,000.00 


62 


Table  3 


Yearly  Analysis  of  Landing  Aids  Costs 
(Figures  based  on  aids  coming  under  municipal  cognizance) 


One  seventh  of  installation  cost  plus 

interest  on  investment  and  miscellaneous  cost    $  85,000,00 


IWELVE  MONTHS1  AVERAGE 

OPERATING   AND  MAINTENANCE   COSTS  $  95,000.00 

TOTAL  LANDING  AIDS  COST  PER  YEAR:  $1 80, 000. 00 

The  $180,000  annual  landing  aids  cost  to  San  Francisco 
can  be  amortized  either  by  collecting  a  direct  annual  charge 
from  the  airlines  equal  to  the  cost  of  the  landing  aids  ac- 
tually used  during  the  year,  or  by  increasing  the  movement 
fees  to  all  scheduled  airlines  on  a  flat-rate  basis  to 
guarantee  all-weather  operation. 

it  appears  that  the  simplest  and  most  economical  admin- 
istrative procedure  would  be  to  spread  the  estimated  arrival 
cost  for  landing  aids  over  the  60,000  yearly  schedules.  this 
would  indicate  that  the  movement  fee  should  be  increased  on 
the  basis  of  $3.00  per  movement.    this  amount,  of  course, 
would  be  modified  by  factors  introduced  to  compensate  for  the 
revenue  per  trip,  load  factor,  aircraft  type,  etc.    (the  sug- 
gested base  of  $3.00  per  movement  could  be  increased  if  con- 
sidered advisable,  since  the  costs  during  maximum  fog  years 
would  be  higher  and  schedule  changes  from  afternoon  to  morn- 
ing flights  would  increase  the  necessity  for  operation  of  the 

A  IDS.) 
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During  the  past  several  years  there  has  been  an 
ever  increasing  realization  of  the  fact  that  at  present 
the  primary  bottleneck  in  civil  aviation  is  the  in- 
ability to  maintain  schedule  reliability.    the  economic 
implications  of  this  fact  were  recognized  by  the  presi- 
DENT'S Air  Policy  Commission  when  they  reported:  "Air 
travel  will  never  be  mass  transportation  until  people 
are  reasonably  certain  that  they  can  depart  and  arrive 
on  schedule. Problems  of  cancelled  flights  or  the  using 
of  alternate  airports,  however,  will  not  be  solved  until 
safe  all-weather  flying  has  been  ac h i  eve d . . . large r  ex- 
penditures for  electronic  aids  to  aip  traffic  control, 
navigation,  and  landing  will  do  more  than  anything  else 
foreseeable  today  to  build  the  airlines  toward  economic 
self— suff ic  iency." 

a  sampling  has  been  obtained  of  the  direct  and  in- 
direct cost  to  certain  airlines  of  cancellations  and 
diversions  necessitated  by  closed  conditions  at  the  san 
francisco  international  airport.    six  airlines  cooperated 
in  th is  study. 

alternates,  provisional  alternates,  and  holding 
points  for  these  six  operators  include  oakland,  sacra- 
MENTO, Half  Moon  Bay,  concord,  Bakersfield,  Palmdale, 
burbank,  los  angeles ,  salt  lake  city,  salinas,  stockton, 
San  Jose,  Watsonville,  Vallejo,  Santa  Rosa,  and  Sunnyvale. 
Direct  costs  of  diversions  vary  considerably  depending  on 
the  alternate.    operator  a,  for  example,  lists  an  average 
cost  of  $458  per  diversion.    operator  b  lists  direct, 
costs  ranging  from  $  1 50  to  $300  per  alternate  landing 
(but  not  including  hotel  accommodations  for  stranded 
passengers);  operators  c,  d,  and  e  have  approximately 
the  same  direct  costs  when  hotels,  alternate  transpor- 
tation, meals,  etc.,  for  passengers  are  not  considered. 
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The  most  significant  data  obtained  from  the  scheduled 
operators  into  san  francisco  was  in  connection  with  total 
losses.    operator  d  concluded  his  report  of  the  cancel- 
lations and  delays  due  to  closed  conditions  at  san  fran- 
cisco over  a  single  90-day  period  during  the  winter  of 
|946  with  the  comment  ,  "based  on  these  irregular  opera- 
tions, i  believe  a  conservative  estimate  of  our  losses 
suffered  during  the  period  listed  above  would  amount  to 
#200, 000."    operator  a  stated,  "paramount  in  importance 
and  not  measurable  in  dollars  is  passenger  goodwill  and 
public  faith,  which  are  generated  by  unbroken  regularity 
of  operations".    another  airline,  during  one  month  in  a 
maximum  fog  year,  cancelled  i 62  trips  due  to  weather 
conditions  at  the  3an  francisco  airport.     |n  the  same 
month  the  same  line  delayed  77  trips.    !passenger  goodwill 
and  public  faith'  must  have  been  sadly  shaken  during  this 
particular  month. 

based  upon  the  data  made  available  by  the  airlines 
operating  into  san  francisco  and  upon  the  average  load 
factors  during  the  periods  in  question,  weather  cancel- 
lations and  delays  are  costing  the  operators  approxi- 
mately $22.60  per  passenger.    this  figure,  of  course, 
totally  disregards  by  far  the  most  important  loss  to  the 
airlines,  the  potential  passenger  and  cargo  volume  which 
will  be  withheld  until  such  time  as  the  airlines  can  offer 

SCHEDULE   RELIABILITY  EQUAL  TO  THAT   OF   THE   SURFACE  CARRIERS. 
HOWEVER,   THE   ECONOMIC   JUSTIFICATION   OF   AN  ALL-WEATHER 
OPERATION    INTO  SAN  FRANCISCO  DOES   NOT  REQUIRE   THE  INCLU- 
SION  OF   POTENTIAL   REVENUE    IF    IT  CAN   BE   SHOWN   THAT  PRESENT 
OUT-OF-POCKET  COSTS  TO  THE   AIRLINES  EXCEED  THOSE   OF  THE 
PROPOSED    INSTALLATIONS.      LET  US   ASSUME,  CONSERVATIVELY, 
THAT   THE   AVAILABILITY  OF  AN    INTEGRATED   SYSTEM  OF  LANDING 
AIDS  WOULD  ELIMINATE   AN  AVERAGE  AIRLINE   LOSS  OF  $20.00 
PER   PASSENGER   DIVERTED  OR   NOT  CARRIED  FROM  SAN  FRANCISCO 
DURING   PERIODS   OF   UNFAVORABLE  WEATHER. 


65 


With  the  figure  of  cp20  per  passenger  in  mind,  let 
us  consider  the  probable  number  of  flights  which  will 
be  subject  to  a  fog  risk  at  the  san  francisco  inter- 
national airport.    the  following  table  indicates  the 
number  of  flights  which  might  be  subjected  to  diversion: 

Annual  Totals  of  schedules 
Interrupted  by  Low  Visibility 

0000  -  1200 


Ml N IMUM 

Arr 

1  VALS 

Departures 

TOTALS 

COND IT  ION 

AVG 
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Yearly  Totals 

200' 

& 
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i  14 
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249 

l  130 
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& 
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153 
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332 

1503 
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& 
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205 
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1954 

Without  landing  aids  we  can  expect  at  least  447  San 
Francisco  operations  to  be  interrupted  by  weather  in  i950. 
By  utilizing  the  estimated  annual  landing  aids  operating 
and  amortization  costs  developed  in  section  4  it  can  be 
calculated  that  the  average  cost  per  passenger  per  landing 
aids  operation  in  |950  would  be  approximately 
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$15.00  as  compared  with  the  average  cost  of  $20,00 
per  passenger  which  the  airlines  are  now  forced  to 
pay  when  flights  are  diverted  or  cancelled  »    thus  it 
appears  that  the  actual  cost  to  the  airlines  for  the 
operation  and  amortization  of  the  landing  aids  nec- 
essary for  an  all  weather  operation  would  be  somewhat 
less  than  the  cost  of  handling  the  diversions  and  the 
cancellations  necessitated  by  the  lack  of  all  weather 
fac  il it ies. 

If  landing  aids  are  not  available  in  i950  it  is 
possible  that  as  high  as  50,000  hours  of  san  f-rancisco 
passengers'  time  may  be  wasted  when  schedules  are  inter- 
rupted by  weather,    the  public  expects  and  is  entitled 
to  the  best  service  the  airlines  can  render  within  cer- 
tain economic  limitations.    obviously,  if  the  scheduled 
carriers  are  able  to  offer  added  safety  and  reliability 
they  will  have  eliminated  a  major  cause  of  the  present 
lack  of  public  confidence  in  the  airlines.    to  be  able 
to  do  this  without  an  increase  in  operating  costs  would 
be  an  attractive  solution  to  an  extremely  critical  prob- 
LEM.   Reliable  schedules  will  encourage  air  transportation 
to  and  from  the  bay  area,  which  in  turn  will  build  up  the 
a irport  revenues. 

in  addition  to  the  specific  figures  presented  here 
in  connect  lon  with  the  economic  justification  of  landing 
aids,  we  would  like  to  present  a  general  approach  to  the 
problem  which    we  feel  merits  consideration. 

the  effectiveness  of  the  integrated  system  of 
Landing  Aids  lies  in  the  fact  that  even  zero/zero  con- 
ditions ARE  MADE  FLYABLE  BY  THE   THREE  BASIC  COMPONENTS — 
ELECTRONIC   AIDS,    HIGH    INTENSITY  LIGHTING,    AND   FOG  DIS- 
PERSAL.   The  use  of  an  integrated  system  thus  presents 

THE   ONLY  MEANS   NOW   AVAILABLE   BY  WHICH   THE  MINIMUMS  MAY 
BE   OFFICIALLY  MODIFIED   SO  THAT  THE   PROBABILITY  OF  COM- 
PLETING  A   SCHEDULED   FLIGHT  CAN   BE   COMPARABLE   WITH  THE 
PROBABILITY  OF   COMPLETING   A   SCHEDULED   JOURNEY  BY  SURFACE 
TRANSPORTATION. 
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Unfortunately,  there  has  been  a  persistent  belief 
that  the  complete  integrated  landing  system  is  "too 
costly  to  be  utilized  on  a  widespread  scale".    under  the 
most  extraordinary  conditions  the  investment  for  equip- 
ping a  major  airport  with  a  complete  system  will  never 
run  more  than  5  per  cent  of  the  cost  of  the  airport, 
without  an  expenditure  for  landing  aids,  the  airport 
becomes  worthless  when  the  weather  is  adverse.  the 
railroads  would  consider  it  unthinkable  to  tie  up  the 
whole  of  a  very  expensive  network  of  trackage  just 
because  an  automatic  signalling  system  was  "too  costly 
to  be  utilized  on  a  widespread  scale". 

Landing  aids  costs  are  almost  always  quoted  on  a 
"cost  per  landing"  basis.    Obviously  when  only  one  air- 
port   IS   UNDER   CONSIDERATION,   THIS    IS  THE   ONLY  METHOD 

available.    however,  so  far  as  commercial  airline  opera- 
tions are  concerned,  all  costs,  in  the  long  run,  must 
be  reduced  to  the  cost  per  passenger  or  ton  mile  for  all 
operations  whether  in  fair  or  foul  weather. 

for  purposes  of  illustration,  suppose  that  an  air- 
line had  (l)  an  average  operating  expense  of  $.5093  per 
ton  mile;  (2)  an  average  haul  of  750  m i le s ;  (3)  an 
average  pay  load  per  landing  of  3  tons;  and  (4)  that 
the  complete  integrated  landing  system  would  be  used 
for  one  landing  i n  50  at  a  cost  of  $500  per  landing 
(the  San  Francisco  figure  is  approximately  i  in  iOO). 
Then  the  overall  average  landing  aids  costs  for  all 

FLIGHTS   ARE   500  -r  (3  X   750   X   50)    DOLLARS   PER  TON  MILE, 
OR  $.0044  PER  TON  MILE,      IN   THIS   HYPOTHETICAL  CASE,  THE 
COST   OF   THE   LANDING   AIDS   NECESSARY  TO   ENABLE   THE  AIRLINES 
TO  ESTABLISH   A   SERVICE   EQUAL  TO  THAT  OF   SURFACE  TRANS- 
PORTATION  WILL    INCREASE    OPERATING   COSTS   FROM  $.5093  PER 
TON  MILE    TO  $.5l37   PER  TON  MILE. 

IN   ORDER  TO   SAFELY  ACHIEVE  TRUE   ALL-WEATHER  OPERA- 
TION  AND    100   PER   CENT   SCHEDULE    RELIABILITY  AT  SAN  FRAN- 
CISCO  ALL   THE    BASIC   AIDS  WHICH   HAVE   BEEN  RECOMMENDED 
HEREIN  MUST  BE    INSTALLED,    INCLUDING  FIDO.     THIS  INTE- 
GRATED Landing  Aids  System  is  a  team,  in  which  each 
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component  plays  an  essential  part,  and  in  which  the 
multiplicity  of  furnished  information  continually  cross- 
checks the  operation  of  each  component  and  the  pilot's 
use  of  it.    Failure  to  include  them  all  means  a  lessening 
of  the  safety  of  each  instrument  operation,  and  an  in- 
creased likelihood  of  cancellations  and  delays. 

The  system,  moreover,  must  be  backed  up  by  careful 
training  of  the  pilots  who  use  it  and  the  ground  personnel 
who  operate  and  maintain  it.    s  i  nce  the  value  of  the  aids 
will  be  proportionate  to  the  skill  of  the  men  making  use 
of  them,  continued  practice  will  be  necessary  to  maintain 
prof  i c i ency. 

IN   SUMMARIZING   THE   ECONOMIC    JUSTIFICATION   FOR  THE 
INSTALLATION   OF   LANDING   AIDS    IT  MAY   BE   POINTED   OUT  THAT 
THE   COST   OF   DIVERSIONS   AND  C ANCELLAT I ONS  TO   ONE  AIRLINE 
DURING   A  90   DAY   PERIOD    IN    1946-47  WAS  $20,000.00   MORE  THAN 
THE   ESTIMATED   ANNUAL  AMORTIZATION   AND   OPERATING   COSTS  OF 
AN    INSTALLATION  WHICH  WOULD   ELIMINATE  THE   NECESSITY  FOR 
INTERRUPTED   SCHEDULES   AT  THE  SAN  FRANCISCO  INTERNATIONAL 
A | RPORT • 

When  San  Francisco  is  able  to  guarantee  an  all  weather 
operation,  it  is  hoped  that  a  method  of  distributing  the 
landing  aids  cost  can  be  worked  out  which  will  permit  the 
carriers  to  share  the  cost  in  the  same  proportion  as  they 
share  the  market  for  air  transportation  to  and  from  san 
Franc isco. 
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Instrument  Landing  System 

The  glidepath  transmitter  should  not  be  moved  from 
its  present  site  until  Runway  28L  is  completed.  It 
should  then  be  placed  approximately  300  feet  north  of 
28l  runway  edge,  and  not  less  than  750  feet  from  28l 
runway  threshold.    the  site  chosen  should  be  on  the  east 
side  of  Runway  i9L.    The  new  site  should  not  be  perman- 
ently FIXED   UNTIL   FLIGHT  CHECKS   HAVE   DEMONSTRATED  THAT 

it  does  not  introduce  "dips"  in  the  electronic  glide- 
path,  the  flatness  of  the  airport  terrain  makes  such 
irregularities  unlikely. 

Selection  of  the  localizer  transmitter  site  is  a 
more  difficult  problem.    during  the  two  years  of  airport 
construction  work  remaining,  the  localizer  transmitter, 
in  its  present  location  off  the  northwest  end  of  runway 
28r,  will  probably  be  influenced  by  the  presence  of 
trucks  and  construction  equipment  to  an  extent  suffi- 
cient to  produce  shifting  of  the  beam  pattern  from  its 
proper  orientation  down  the  runway  centerline.  since 
distance  from  the  transmitter  is  only  one  of  several 
factors  involved  in  producing  such  a  shift,  it  cannot 
be  categorically  stated  that  inside  a  certain  radius 
trucks  and  planes  will  cause  a  shift,  and  that  outside 
it  they  will  not.    however,  it  should  be  possible  to 
avoid  all  or  most  of  such  difficulties  by  a  careful 
choice  of  transmitter  site.    experience  demonstrates 
that  the  wisest  choice  is  to  obtain  maximum  separation 
between  the  localizer  transmitter  and  buildings,  hangars, 
parked  aircraft,  and  vehicles  or  aircraft  crossing  the 
localizer  course  in  front  of  the  transmitter. 
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It  may  become  necessary  to  abandon  the  present 

LOCALIZER   SITE    BEFORE  RUNWAY  28L  COMES    INTO  USE   AS  THE 
BUILDING   PROGRAM   ADVANCES   AND   CONSTRUCTION   ACTIVITY  BE- 
COMES CONCENTRATED    IN   THIS   AREA.      SHOULD   ABANDONMENT  BE- 
COME  NECESSARY,    A   TEMPORARY  SITE   APPROXIMATELY  3000  FEET 
FROM  THE   NORTHV/EST   END   OF  RUNWAY  28R    IS   SUGGESTED   FOR  USE 
DURING   THE   CONSTRUCTION   PERIOD    AND   UNTIL  THE  PRESENT 
LOCALIZER   (OR    ITS  CAA  REPLACEMENT)     IS   PERMANENTLY  IN- 
STALLED to  serve  Runway  28L.     In  the  interim,  use  might 

CONVENIENTLY   BE   MADE   OF   THE   MILITARY-TYPE  LOCALIZER 
(AN/CRN-lO)    AT   THE   SUGGESTED   TEMPORARY   SITE.     THE  PORTABLE 
MILITARY  LOCALIZER    IS   ENTIRELY   SATISFACTORY  FOR  GENERAL 
USE   AND  WOULD    SAVE   MOVING   EXPENSE.     THIS   EQUIPMENT  CAN 
BE    PLACED    IN    OPERATION    IN   A   FEW  HOURS. 

THE   PERMANENT    SITE   FOR  THE  LOCALIZER   OFF   THE  NORTH- 
WEST  END   OF  28L  MUST   BE   CAREFULLY  CHOSEN   TO  MINIMIZE 
COURSE    SHIFTS  WHICH   MAY   BE   CAUSED   BY  MODIFICATION   OF  THE 
OLD   TERMINAL   BUILDING   AND   BY  PLANES  TAXIING  TO  AND  FROM 

the  United  Air  Lines  maintenance  area.    A  site  as  close 

TO   THE   END   OF  28L   AS   THE   PRESENT   SITE    IS   TO  28R  WOULD 
PLACE   THE   LOCALIZER   UNDESIRABLY  CLOSE  TO  THE   OLD  TERMINAL 
BUILDING;   MOREOVER,    SURFACE  VEHICLES  AND   AIRCRAFT  WOULD 
CROSS   THE   COURSE    IMMEDIATELY    IN   FRONT   OF  THE  TRANSMITTER 
WITH   THE   ALMOST  CERTAIN   RESULT  OF   CAUSING   SHIFTS    IN  THE 
COURSE.      IT  WOULD   BE    PREFERABLE   TO  CHOOSE   A   SITE  3000- 
3500  FEET  FROM  THE   NORTHWEST  END   OF  28L,    ON  THE  EXTENDED 
CENTERL I NE .     THE   UNDESIRABLE    INFLUENCES  MENTIONED  ABOVE 
WILL   BE   MINIMIZED   BY  THIS  SITE,   AND   PERHAPS  ELIMINATED 
ALTOGETHER.      IN   THIS  CONNECTION,    IT   SHOULD   BE  REMEMBERED 
THAT    IN   LOW  VISIBILITY  CONDITIONS  TOWER   OPERATORS  MAY 
BE   UNABLE  TO  SEE  VEHICLES  AND  EQUIPMENT  MOVING    IN  THIS 
AREA. 

THERE  MAY   BE   SERIOUS  OBJECTIONS  TO  THE  PERMANENT 
SITE   SUGGESTED.      If   SO,    BEFORE   ANY  FINAL   DECISION  IS 
TAKEN,    IT    IS   STRONGLY  ADVISED  THAT   ALL   PROPOSED  SITES 
BE    INVESTIGATED  BY    INSTALLING   THE  AN/CRN-lO  LOCALIZER 
ON  EACH   SITE   AND  MAKING  FLIGHT  CHECKS  OF  THE  COURSE, 
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WHILE    SUBJECTING   THE   TRANSMITTER   TO   ALL   THE  POSSIBLE 
CONCENTRATIONS   AND  COMBINATIONS   OF    INTERFERENCE  PRODUCED 
BY   VEHICLES  AND   AIRCRAFT.      THE   ASSURANCE    OF  STABILITY 
THUS   GAINED   V/ILL   BE  WORTH   THE   ADDITIONAL   TIME    AND  TROUBLE. 

iT    HAS   BECOME   MORE    OR    LESS   STANDARD   TO   SUPPLY  TWO 
75  M-EGACYCLE   MARKER    BEACON   TRANSMITTERS  WITH    ILS,  RATHER 
THAN   THE   THREE    USED   BY   THE   MILITARY   SERVICES.      THESE  ARE 
LOCATED   APPROXIMATELY  4    l/2  MILES    (OUTER  MARKER)  AND 
3500   FEET    (MIDDLE   MARKER)    FROM  THE   RUNWAY  THRESHOLD. 
THE   THIRD   OR   BOUNDARY  MARKER   BEACON,    LOCATED  200  -  250 
FEET   FROM  THRESHOLD,    IS   OFTEN    OMITTED.      HOWEVER,   WE  BE- 
LIEVE  THAT   THE   BOUNDARY  MARKER   SHOULD   BE    INCLUDED.  AS 
CEILING    AND   VISIBILITY  MINIMUMS   ARE    REDUCED,    IT  BECOMES 
VERY    IMPORTANT  TO   PROVIDE    THE   PILOT  WITH    EVERY  POSSIBLE 
AID    IN   DETERMINING   HIS  EXACT   POSITION,    ESPECIALLY  NEAR 
THE   TOUCHDOWN   POINT.      THE    BOUNDARY  MARKER   SERVES   AS  AN 
INDEPENDENT  CHECK   AT  THIS  CRITICAL   POINT   ON   THE  PILOTTS 
UNDERSTANDING   OF  THE   VISUAL   AID   PROVIDED   BY  APPROACH  AMD 
RUNWAY   LIGHTS.     WE   CONSIDER   THAT   OVERLAPPING  ELECTRONIC 
AND   VISUAL   AIDS  ARE    HIGHLY  DESIRABLE. 

When  Runway  28L  is  placed  in  service,  it  will  be 

NECESSARY  TO  RELOCATE   THE  MIDDLE   MARKER   AT   A  POINT  3500 
FEET   OUT  ON   THE   EXTENDED  CENTERLINE   OF   THIS   RUNWAY.  THE 
OUTER  MARKER  NEED   NOT  BE   SHIFTED,    SINCE   THE  CHANGE  IN 
DISTANCE    IS  NEGLIGIBLE   AND    ITS   VERTICAL   BEAM  PATTERN 
WILL   SERVE   THE   NEW  COURSE   ADEQUATELY  FROM  THE  PRESENT 
SITE.       |F   A  BOUNDARY  MARKER    IS   USED,    IT   SHOULD  BE  IN- 
STALLED  ON   THE  EXTENDED  CENTERLINE   OF  28L,   MIDWAY  BETWEEN 
THE   THRESHOLD   AND   THE   TAXIWAY   TO  28R. 

MONITORING   EQUIPMENT   FOR  THE    I LS  LOCALIZER   AND  GLIDE- 
PATH,    AND  THE   CONTROLS  FOR   ALL    I LS  COMPONENTS,    SHOULD  BE 
INSTALLED    IN    THE   TOWER  TO   ASSURE    OPERATORS  OF   PROPER  IN- 
STRUMENT PERFORMANCE   AT  ALL  TIMES. 
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Compass  Locator  Stations 

omn l-d i rect i onal  radio  beacons  (type  h)  are  very 
useful  additions  to  the  electronic  aids  provided  for 
pilot  guidance.     it  is  suggested  that  four  compass  lo- 
cators of  low  power  be  installed  for  immediate  use. 
They  will  be  helpful  to  planes  not  equipped  with  ILS 

AND    FOR   PILOTS   NOT   TRAINED    IN   USING    IT;    ALSO,    THEY  WILL 
PROVIDE    AM    INDEPENDENT  CHECK   FOR   THE    PILOT   ON   THE  ACCU- 
RACY  OF    THE    ILS   LOCALIZER   COURSE    AND   ASSIST    IN  FOLLOW- 
ING   IT?    THEY  WILL   PROVIDE   ABSOLUTE    IDENTIFICATION  OF 
THE    AIRPORT   BEARING    IN   THE    IMMEDIATE   VICINITY;    AND  WILL 
CONSTITUTE    A    SATISFACTORY  LOW  APPROACH   AID   FOR  PLANES 
LANDING   ON   THE   CROSS   RUNWAY,    | 9R . 

TWO  TRANSMITTERS   SHOULD  BE   USED    ON  RUNWAY  28R, 
THE    FIRST   LOCATED    ON   THE   EXTENDED   CENTERL I NE    AT  THE. 
EDGE   OF   THE   FILL    SOUTHEAST   OF   THE   THRESHOLD,    THE  SECOND 
ON   THE   EXTENDED   CENTERL I NE  2000-2500   FEET  FROM  THE  NORTH- 
WESTERN end  of  28R.    After  completion  of  28L,  these 

TRANSMITTERS   SHOULD    BE   REMOVED   TO  THE   SAME   RELATIVE  PO- 
SITIONS  ON   THE   EXTENDED  28L  CENTERL  I  NE. 

A    SECOND   PAIR   OF   COMPASS  LOCATOR  TRANSMITTERS  WILL 
BE    PARTICULARLY   USEFUL   ON  RUNWAY    I 9R  WHEN    IT    IS  PLACED 
IN   SERVICE.      THE   DISTANCES  FROM  THE    RUNWAY   END   SHOULD  BE 
EQUIVALENT  TO   THOSE   ON  28R   DESCRIBED   ABOVE.      RUNWAY    1 9R , 

which  will  not  be  served  by  ils,  will  be  used  predomi- 
nantly in  rain  and  in  moderate  visibility  and  ceiling 
conditions.    Since  its  approach  is  over  the  bay,  a  simple 
procedure  can  be  established  for  letting  down  through 
overcast  using  the  compass  locators  to  establish  the 
centerline  and  the  altimeter  and  rate  of  descent  indi- 
cator for  a  glidepath.    such  a  procedure  is  safe  down  to 
200  feet  over  water,  and  will  result  in  the  plane  dropping 
out  of  the  overcast  lined  up  with  the  runway,    the  pilot 

CAN  THEN  PICK  UP  THE  nSTUBTf  APPROACH  LIGHT  SYSTEM  RECOM- 
MENDED FOR  THIS  APPROACH,  AND  THE  RUNWAY  LIGHTS,  TO  MAKE 
AN   EASY  TOUCHDOWN. 
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The  antennas  for  these  stations  should  be  of  the 
balanced  "t"  capacity-loaded  vertical  type ,  1 0- 1 5  feet 
in  height.    to  obtain  capacity  loading,  it  will  be 
necessary  to  stretch  a  wire  perpendicular  to  the  extended 
centerl i ne  between  two  telephone  poles  equally  spaced  off 
the  centerl i ne •    the  vertical  antenna  is  connected  in  the 
center  of  this  supporting  wire.    although  this  is  not  an 
efficient  antenna  for  general  radio  use,  it  is  entirely 
satisfactory  for  this  purpose. 

for  simplicity  in  tuning  automatic  direction  finders 
in  the  cockpit,  these  radio  beacons  should  have  frequen- 
cies about  10  kc  apart.    the  pilot  can  then  change  from 
the  first  ground  station  to  the  second  without  delay. 
With  dual  ADF,  the  pilot  merely  tunes  both  stations  in, 
then  follows  the  course  which  aligns  the  two  indicators 
together. 

The  four  stations  should  be  coded  by  letter  and  by 
number  (i.e.  NX-i,  NX-2,  NX-3,  NX-4).     NX-i  and  2  WOULD 

BE   LOCATED   ON  28R    (LATER  28L)    AND  NX-3  AND  4  WOULD   BE  ON 

i9K.    Control  circuits  should  emanate  from  the  tower, 
and  there  should  be  separate  circuits  for  28l  and  l9r# 
Only  the  stations  serving  the  runway  in  use  would  be 
operated  at  any  one  time,  and  the  same  pair  of  frequen- 
cies can  then  be  used  on  each  runway.    these  stations 
should  have  a  relatively  low  power  output,  on  the  order 
of  10  to  50  watts ,  depending  on  the  radius  over  which 
coverage  is  desired. 


VHF  Direction  Finder 

The  Very  High  Frequency  Direction  Finder  recommended 
for  San  Francisco  is  a  small  unit  such  as  Model  D.B.F. 
This  unit  can  easily  be  installed  in  the  tower  for  ready 
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access.    The  set  uses  a  compact  Adock-type  antenna, 
for  the  greatest  accuracy  this  antenna  must  be  located 
above  any  surrounding  objects  which  cause  reflections 
and  might  thereby  affect  the  indication  given  by  the 
instrument.    the  antenna  is  a  small  unit  re qu i r i ng  only 
a  light  support.    the  antenna  lead-in  cable  supplied 
with  the  set  also  transmits  the  power  for  the  motor  in 
the  antenna  base  which  operates  the  goniometer.  the 
power  requirement  is  approximately  250  watts. 


Search  Radar 

The  search  and  height  finder  radar  indicator  should 
be  located  in  the  tower  until  such  time  as  it  may  be 
appropriate  to  install  the  precision  radar  approach 
system.    This  is  advisable  because  these  radars  will  at 
first  be  used  not  only  for  traffic  control,  but  also  to 
monitor  the  final  approach  of  an  aircraft  using  the 
Instrument  Landing  System  or  making  an  A. D.F. /altimeter 
approach  through  the  overcast. 

space  in  the  administration  building  should  be 
allocated  for  eventual  use  for  the  search  and  height 
finding  radars  as  traffic  control  devices.    the  respec- 
tive antennas  and  their  radar  transmitter-receivers 
should  be  located  atop  the  administration  building  and 
separated  from  each  other  sufficiently  so  that  neither 
antenna  can  blank  out  the  area  to  be  scanned  by  the 
other.    Care  must  be  exercised  that  the  distance  from 
the  receivers  to  the  indicators  shall  not  be  so  great 
as  to  require  additional  video  amplifiers,  and  also  in 
order  that  the  synchronizing  circuits  and  other  controls 
will  not  be  excessive  in  length.    reducing  the  distance 
between  the  various  electronic  devices  to  a  minimum 
cuts  maintenance  time  on  the  equipment. 
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Ground  Control  approach 

It  is  suggested  that  any  present  preparation  for 
a  future  gca  installation  be  limited  to  the  provision 
of  three  4-inch  conduits  for  the  ac  power  supply  and 
the  coaxial  cables  carrying  the  video  signal  from  the 
field  installation  to  the  tower  indicators  amd  for  syn- 
CHRONIZING CIRCUITS.     The  LATTER  conduit  should  have 
BEND   RADII    OF    NOT   LESS   THAN   36    INCHES.      THE   CONDUIT  RUNS 
SHOULD    BE   LAID    IN    A   DIRECT   LINE   FROM  THE   TOWER  RADAR 
CONTROL  CENTER   TO   THE    FIELD    INSTALLATION    IN    ORDER  TO 
HAVE    AS  FEW   BENDS    IN   THE   CABLING    AS   POSSIBLE.      THE  SITE 
RECOMMENDED   AT    THIS   TIME   WILL    UNDOUBTEDLY   BE    THE  MOST 
PROPITIOUS    REGARDLESS    OF   WHICH    FORM  THE  GCA  PRECISION 
EQUIPMENT  TAKES.      ANALYSIS   OF   THE   METEOROLOGICAL  DATA 
DOES   NOT    INDICATE    THE    NECESSITY   FOR    PROVIDING    MORE  THAN 
ONE    RUNWAY  WITH    ELECTRONIC    AIDS  WHOSE   FUNCTION    IS  TO 
GUIDE   AIRCRAFT  THROUGH   A   VERY   LOW  CEILING   AND  VISIBILITY 
COND  IT  I  ON . 


Kadar  Beacons 

We  RECOMMEND  THAT  FOUR  RADAR  BEACONS  BE  CONSIDERED 
FOR  INSTALLATION  AFTER  COMPLETION  OF  THE  EXPANSION  PRO- 
GRAM.    By  that  TIME   AIRBORNE  search  RADAR   SHOULD   be  in 

common  use,  and  it  will  be  desirable  to  make  this  radar 
serve  as  a  part  of  the  electronic  navigation  system. 

these  beacons  should  be  located  off  the  ends  of 
kunways  28l  and  i 9r  on  the  extended  centerl i ne  in  the 
housings  provided  for  the  compass  locators. 

The  beacons  should  operate  in  i he  a  band  (3  centi- 
meters;   AND,    LIKE   THE   COMPASS   LOCATORS,   SHOULD   BE  CODED 
TO    INDICATE    THEIR   LOCATIONS.      THE   CIRCUITS   SHOULD  BE 
CONTROLLED    IN    THE   TOWER,    PERMITTING    SEPARATE  ACTIVATION 
OF   THE    PAIR    SERVING   THE   LANDING    RUNWAY.      THEY  SHOULD  BE 
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OF  TK£  "TRIGGERED"   TYPE   WHICH    TRANSMITS   ONLY  WHEN  THE 
ijglO^f    OF    IMPULSES   FROM  AIRBORNE   SEARCH    RADAR  INDICATES 
TM£   PRESENCE    OF   AN    AIRCRAFT   SEEKING   NAVIGATIONAL  AID. 
IT    IS   SUGGESTED   THAT   ANY   OTHER   GROUND   RADAR  EQUIPMENT 
WHOSE   SCAN    INCLUDES   THESE   BEACONS   BE    INTERLOCKED  WITH 
THEM,    SO  THAT    IMPULSES   FROM  THE    OTHER   GROUND   RADAR  WILL 
NOT  CAUSE   CONTINUOUS   AND  WASTEFUL   BEACON  OPERATION; 
HOWEVER,    THIS    IS    NOT   ESSENTIAL   TO  THEIR   SUCCESSFUL  OP- 
ERATION. 


Power  Requ irements 


KILOWATTS 


Compass  Locators 

ILS  Localizer 

ILS  Glidepath 

75  M.C.  Marker  Beacons 

V.  H.  F.  Direction  Finder 

Search  Radar 

Height  Finding  Radar 

Radar  Beacons 

Ground  Control  Approach 
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(a)  Military  version 
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79 


AIRPORT  LIGHTING 


Approach  Lights 

It  has  been  demonstrated  that  incandescent  "high 
intensity"  approach  lights  of  the  proper  design  will 
provide  adequate  guidance  for  landings  in  weather  con- 
ditions AS  LOW  AS   l/4  MILE   DAYLIGHT  OBJECT  VISIBILITY 

and  75-foot  ceiling.    pilots  using  the  lights  in  these 
conditions  must,  of  course,  be  thoroughly  trained  to 
interpret  the  guidance  correctly  and  instantaneously, 
and  must  also  use  electronic  aids  with  great  accuracy, 

a  complete  approach  lighting  system  should  be  in- 
stalled on  the  instrument  runway  28l,  in  accordance  with 
the  recommended  anc  standard.    the  system  should  be  3000 
feet  long  and  the  rows  250  feet  apart,  the  maximum  allow- 
able separation.    lights  should  be  spaced  loo  feet  apart 
along  the  outermost  looo  feet,  and  200  feet  apart  from 
2000  feet  out  to  the  runway. 

the  lights  should  be  as  near  runway  elevation  as 
terrain  will  permit  between  the  threshold  and  the  shore- 
line,   the  remaining  lights,  over  the  bay,  may  be  mounted 
on  piling.    it  is  suggested  that  these  lights  be  raised 
to  an  elevation  of  lo  feet  above  runway  level,  beginning 
immediately  at  the  shoreline,  in  order  to  minimize  the 
amount  of  salt  spray  to  which  they  will  be  subjected. 
Corrosion  by  salt  spray  will  be  a  problem  requiring  atten- 
tion; CONSULTATION    IN  ADVANCE  WITH  THE  MANUFACTURER  OF  THE 
UNITS  PURCHASED  MAY  SERVE  TO  FORESTALL  MUCH  TROUBLE  FROM 
THIS  SOURCE. 

THE   APPROACH  LIGHTS  USED    IN  THE  RECOMMENDED  CONFIGU- 
RATION MUST  BE  VISIBLE  THROUGHOUT  A  VERTICAL   PLANE  OF  CON- 
SIDERABLE  SIZE   AT  THE  MIDDLE  MARKER,   AND  THROUGHOUT  SIMILAR 
VERTICAL  PLANES  BETWEEN  THE  MIDDLE  MARKER  AND  THE  RUNWAY. 

This  coverage  is  made  necessary  by  the  range  of  deviations 
to  be  expected  above  or  below  and  to  the  left  or  right  of 
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F IGURE  24 

Vertical  candlepower  distribution 
(clear  light)  at  0°  IN  horizontal  plane 


260°    280°       300©  320° 

F IGURE  25 

Horizontal  candlepower  distribution 
( cle  at?  light)  at  0°  in  vertical  plane 


the  v  ideal"  glidepath  marked  out  by  |ls.    the  expected 
"portal"  at  the  middle  marker  is  of  the  order  of  500 
feet  wide  and  from  loo  feet  below  to  200  feet  above  the 
"ideal"  glidepath|at  this  point.    |t  is  recommended  that 
incandescent  units  producing  a  uniform  rectangular  candle- 
power  distribution  be  used  as  the  approach  light  source. 
The  units  should  have  a  beam  divergence  of  30  -  40  degrees 
in  the  horizontal  plane  and  20  -  30  degrees  in  the  ver- 
tical,   with  color  filters  in  place,  the  units  should 
produce  not  less  than  25,000  peak  candlepower,  and  the 
distribution  should  be  such  that  the  central  solid  angle 
of  approximately  l5  by  lo  degrees  is  not  less  than  15,000 
candlepower.    additional  coverage  and  candlepower  is 
highly  desirable  if  it  can  be  obtained  without  excessive 
expense  in  rugged,  easily  maintained  lighting  units. 
Figs.  24  and  25  show  an  idealized  candlepower  distribu- 
tion  RECOMMENDED  FOR  THE   APPROACH  LIGHTS.     THE   UNIT  CHOSEN 

should  have  not  less  than  the  minimum  coverage  shown  in 
the  central  section.  the  optimum  outer  distribution  is 
suggested  if  obtainable. 

The  approach  light  unit  should  be  one  which  will 
require  a  minimum  of  service  and  attention.  installation 
and  alignment,  because  of  its  wide  beam,  will  be  rela- 
tively simple  and  should  not  require  readjustment  after 
its  initial  setting.    the  system  should  be  such  that  an 
inspection  and  cleaning,  approximately  3  times  yearly, 
will  maintain  the  units  in  first  class  condition. 

Installation  of  a  "stub"  approach  light  system  on 
Runway  i9R  is  recommended  for  those  marginal  visibility 
conditions  in  which  this  runway  is  used,  usually  in  rains. 
The  "stub"  system  should  be  only  iOOO  feet  long,  but 
should  in  other  respects  be  identical  with  the  system 
used  on  28l,  with  the  lights  spaced  200  feet  apart  in 
each  row.    such  a  system,  used  in  conjunction  with  the 
radio  compass  locator  recommended  elsewhere,  will  con- 
stitute a  sound  approach  control  method  for  the  marginal 
weather  condition  when  this  runway  comes  into  service. 
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AT   HORIZONTAL  AT  HORIZONTAL 

angle  -  83°  Zenith  angle  -  276° 

60°  90°  60° 


F  igure  26 
Vertical  candlepower  distribution 
Runway  lights  Clear  light 


F igure  27 
Horizontal  candlepov/er  distribution 
Runway  lights  Clear  light 
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Installation  of  a  "stub"  approach  light  system  im- 
mediately on  Runway  28R  for  use  until  28L  is  complete 
would  materially  improve  the  visual  guidance  available 
to  pilots.     it  would  also  provide  pilots  landing  at  san 
Francisco  an  opportunity  to  begin  their  training  for 
future  landings  in  minimum  weather. 


Runway  Lights 

It  is  recommended  that  a  single  type  of  high  inten- 
sity RUNWAY  LIGHT   BE    INSTALLED   ON  ALL  RUNWAYS   NOW    IN  USE 

as  well  as  those  yet  to  be  completed.    Savings  through 
quantity  buying,  reduced  replacement  stock,  and  the  easier 
maintenance  of  the  units  should  offset  any  increased  cost 
and  will  give  San  Francisco  Airport  that  increased  margin 
of  safety  which  is  essential  in  all  aircraft  operations. 

Spacing  of  the  lights  should  be  substantially  uni- 
form on  all  runways.    Two-hundred-foot  spacing  is  recom- 
mended on  all  parts  of  the  runway  except  the  touchdown 
section.    With  this  spacing,  and  the  candlepower  distri- 
bution recommended  below,  the  pilot  should  have  4-5 
lights  continuously  in  view  ahead  during  landing  and 
takeoff  in  i /s  mile  daylight  object  visibility  conditions, 
and,  of  course,  substantially  more  in  conditions  at  or 
above  l/4  mile.    the  lights  should  be  set  as  near  the  run- 
way as  caa  regulations  permit,  both  to  increase  the  effec- 
tive coverage  and  to  keep  pilots  on  the  runway, 

The  touchdown  section  of  the  runway,  comprising  the 
first  1500  feet  inside  the  threshold,  should  have  lights 
spaced  100  feet  apart.    this  is  the  critical  section  from 
the  pilotts  viewpoint  and  should  be  distinctively  marked 
off  from  the  remainder  in  order  that  the  pilot  will  always 
recognize  the  safe  landing  area.    reduction  of  the  spacing 
also  provides  additional  longitudinal  coverage,  and  marks 
out  a  more  absolute  line  of  reference, 
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The  ANC  standard  color  sequence  should  be  followed; 
with  green  lights  marking  the  threshold,  clear  lights 
along  the  safe  landing  section,  and  amber  caution  lights 
along  the  last  1 500  feet  of  the  runway.    provision,  how- 
ever, should  be  made  for  later  modification,  studies 
now  in  progress  on  the  most  desirable  coding  may  result 
in  future  changes. 

Runway  marker  units  providing  a  relatively  wide 
beam  spread  are  recommended  as  the  most  desirable  for 
landings  in  low  visibility.    at  i 200  -  l400  feet  from 
the  light,  the  principal  beam  should  cover  2/3  or  more 
of  the  runway  width  with  a  beam  of  not  less  than  20,000 

CANDLEPOWER.      RELATIVELY  UNIFORM   DISTRIBUTION   OF  FLUX 
OVER   AN    ANGLE    SUFFICIENT   TO  PROVIDE   THE   ABOVE  COVERAGE 
(AND   EQUAL  COVERAGE    IN   THE   VERTICAL  DIMENSION)     IS  PRE- 
FERRED  OVER  THE   CONCENTRATION   OF   FLUX    IN   A   NARROW  BEAM 
OF   PROPORTIONATELY   HIGHER    INTENSITY.     THE   PLANE  LOCATION 
IS   VARIABLE  WITHIN,    AS  WELL  AS   BETWEEN,    APPROACHES;  AND 
ONLY  THE  WIDER   DISTRIBUTION   WILL  MAKE   CERTAIN   THAT  GUIDANCE 
IS   AVAILABLE   TO   THE   PILOT   AT  ALL  THE   POSSIBLE   APPROACH  AND 
LANDING   POSITIONS.      In   ADDITION,   THE   UNITS  CHOSEN  SHOULD 
PROVIDE   A  LOW   CANDLEPOWER   LIGHT   VISIBLE  THROUGH   360°  FOR 
AIRCRAFT  CIRCLING   THE   FIELD    IN   CLEAR  WEATHER.     B I -D I RECT I ONAL 
UNITS   ARE   THE  MOST  ECONOMICAL  TO  PURCHASE,   AND   NO  DIFFER- 
ENCE  HAS  BEEN   OBSERVED   BETWEEN   THE   PERFORMANCE   OF  SUCH 
UNITS,   WHEN   PROPERLY  DESIGNED,    AND  THOSE   PROJECTING  ONLY 
ONE  MAIN   BEAM.       |N   THE   PEAK   OF  THE  MAIN   BEAMS  THE  CANDLE- 
POWER   SHOULD   BE   NOT  LESS  THAN   ABOUT  50,000;    AND    IF  GREATER 
CANDLEPOWER   CAN   BE   OBTAINED  FOR   DAYLIGHT  USE   UNDER  LOW 
VISIBILITY  CONDITIONS,    IT    IS  MUCH  TO  BE  DESIRED. 

FOR  MOST   EFFECTIVE   AND  ECONOMICAL    SERVICE   OVER  THE 
YEARS,   RUNWAY  LIGHTS   SHOULD  BE   OF  A   SIMPLE  RUGGED  DESIGN. 

They  should  not  exceed  24  inches  in  height  above  the  run- 
way, TO  prevent  propellor  damage,    alignment  and  levelling 

OF   THE  UNITS   SHOULD   BE   A   SIMPLE   PROCEDURE    IN  ORDER  TO 
KEEP  MAINTENANCE  COSTS   DOWN   AND   OPERATING  EFFECTIVENESS 
UP. 
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Taxiway  Lights 

the  effectiveness  of  an  integrated  system  of  land- 
ing aids  can  be  considerably  reduced,  so  far  as  expedi- 
tious traffic  control  is  concerned,  if  landing  planes  are 
not  immediately  cleared  off  the  runway,    likewise,  to 
maintain  schedules,  departing  planes  must  get  to  their 
takeoff  positions  without  delay.    taxiway  lights,  there- 
fore, are  an  important  part  of  the  system  as  a  whole, 

|n  order  to  taxi  quickly  and  surely  to  and  from  the 
runway  in  fog,  the  pilot  needs  guidance  equivalent  to 
that  provided  by  the  runway  lights.    the  blue  filters 
used  in  taxiway  lights  transmit  only  5  to  15  per  cent  of 
the  incident  flux,  and  the  effective  candlepower  is  small 
unless  the  initial  output  is  high.    for  this  reason  it 
may  be  desirable  that  san  francisco  use  runway  markers 
with  blue  filters  on  the  taxiway  serving  i ol  and  parallel- 
ing the  ramp,  the  feeders  from  this  tax  i  way  to  the  ramp, 
and  the  taxiway  serving  28r.     |t  is  probable  that  any 
increase  in  first  cost  of  these  units  over  conventional 
types  will,  on  the  more  strategic  runways,  be  offset  by 
savings  resulting  from  the  simplification  and  standardi- 
ZATION   OF   MAINTENANCE  PROCEDURES. 

THE   REMAINDER   OF    THE   TAX  I  WAYS  CAN   BE    SERVED  ADE- 
QUATELY  BY  THE   USE   OF   CONVENTIONAL  TAX  I  WAY  LIGHTS.  AS 
AN   ADDED   SAFETY  MEASURE,    IT    IS   SUGGESTED  THAT  SIGNALS 
BE   USED   AT   A  FEW  POINTS,    AS   NOTED   ON  THE   PLAN,   TO  CONTROL 
PLANES  CROSSING    THE   ACTIVE  RUNWAYS. 


Maintenance 

airport  lighting  equipment  used  for  landings  in  bad 
weather  must  be  kept  in  first-class  condition  at  all  times, 
the  primary  electronic  devices,  whose  maintenance  require- 
ments are  even  more  critical,  are  the  responsibility  of 
caa,  but  the  approach  and  runway  lights  will  in  all  proba- 
bility be  maintained  by  the  a  i r  port t  s  local  administration. 
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Excessive  maintenance  demands  could  easily  become  an 
impossible  burden  upon  the  administration  of  an  airport. 
Therefore,  dependability  and  simplicity  of  construction 
have  been  second  only  to  operating  performance  as  a  basis 
for  determining  general  lighting  requirements.  thought 
must  be  given  to  standardization  of  units  and  of  parts, 

AND   TO  THE   EASE    OF    PROCUREMENT   OF   VARIOUS    ITEMS.       |F  THE 
RECOMMENDATIONS  MADE    HEREIN   ARE   CLOSELY  FOLLOWED,  THEY 
SHOULD  RESULT    IN   A   SYSTEM  WHICH  WILL   PROVIDE  MAXIMUM 
USAGE   OF   THE  SAN  FRANCISCO   AIRPORT   AT   A  MINIMUM  RATE  OF 
MAINTENANCE  EXPENDITURE. 


Wind  Tetrahedrons  (tower  controlled) 

These  visual  aids  are  not  directly  a  part  of  the 
landing  aids  with  which  this  report  is  concerned.  never- 
theless, they  are  of  great  importance  in  weather  condi- 
tions above  the  minimum,  and  information  provided  by  them 
should  be  readily  accessible  to  pilots  from  any  direction 
in  the  airport  vicinity.     it  is  recommended  that  at  least 
two  and  possibly  three  should  be  as  close  to  the  runway 
ends  as  is  possible  without  hazard  to  aircraft,  or  sub- 
jecting them  to  prop  wash.    these  locations  should,  of 
course,  be  free  of  false  local  currents  produced  by  ad- 
jacent buildings  or  other  obstructions. 


controls  and  circuits 
Lighting  Vault 

All  line  voltage  transformers,  regulators,  relays, 
oil  switches,  etc.,  for  all  the  lighting  systems  should 
be  centrally  located  in  a  vault  placed  either  in  thf  ad- 
ministration building  or  wherever  is  most  convenient. 
This  vault  should  provide  space  for  possible  future  modi- 
fications AND  NEW    INSTALLATIONS,    SINCE  THE  FINAL  PATTERN 
OF   VISUAL   AIDS   HAS  BY   NO  MEANS   BEEN   SET.      |T   SHOULD  IN- 
CLUDE  AN    ALTERNATE   CONTROL  STATION   FOR  ALL  THE  SYSTEMS, 
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BOTH   AS  AN   EMERGENCY   CONTROL  POSITION    IN   CASE   OF  MALFUNC- 
TIONING  TOWER  EQUIPMENT,    AND  AS   AN   AID    IN   MAINTENANCE  WORK. 

Two-way  communication  with  the  tower  is  essential  at  the 

VAULT  . 

Brightness  Control 

The  standard  intensity  controls  supplied  by  manu- 
facturers of  airport  lighting  equipment  make  provision 
for  five  brightness  settings  from  iOO  per  cent  down  to 
i  per  cent.    Experience  over  the  years  indicates  that  all 
of  these  settings  are  desirable  to  cover  various  condi- 
tions of  weather,  pilot  preferences,  and  aircraft  cockpit 
cutoff;  use  of  standard  regulators  is  therefore  recommended, 
modifications  would  only  add  unnecessary  expense. 

Studies  are  in  progress  at  the  present  time  of  means 
for  providing  automatic  intensity  control  of  approach  and 
runway  lighting  systems  based  upon  automatic  continuous 
determination  of  light  conditions  and  atmospheric  trans- 
missivity  with  suitable  measuring  devices.    such  controls 
will  relieve  tower  operators  of  an  additional  responsi- 
bility and  will  make  certain  that  the  proper  intensity — 
neither  too  much  nor  too  little — is  always  provided  for 
the  pilot.    installation  of  such  devices  should  be  made 
as  soon  as  they  become  available. 

Regulators 

The  most  readily  available  regulator  for  the  approach 
lights  is  a  step  controller.    |t  is  recommended  that  this 
type  of  regulator  be  used  in  conformity  with  the  policy 
of  standardization. 

Since  dual  runways  will  be  useo,  some  duplication 
of  voltage  and  current  regulators  will  be  necessary. 
The  additional  expense  is  justified  by  the  decrease  in 
landing  and  takeoff  intervals.    The  static  type,  constant 
current  regulator  is  preferred  over  moving  coil  types 
because  the  former  provides  an  almost  constant  power  factor 
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over  the  entire  intensity  range .    regulators  of  7  l/2  kw 
capacity  should  be  used,  since  they  are  standard  items. 
Use  of  a  number  of  these  small  capacity  regulators  has 
the  additional  advantage  that  only  a  small  section  of  the 
installation  goes  out  in  caseof  regulator  failure. 

Intensity  controls  of  a  similar  type  will  be  required 
for  the  high  intensity  taxiway  lights. 

Circuits 

it  is  suggested  that  3000  or  5000  volt  cable  be 
used  in  runway  circuits,  suitable  for  direct  burial, 
of  the  kind  employed  in  underground  street  lighting  cir- 
cuits,   in  case  of  cable  failure,  replacement  cable  can 
be  quickly  obtained  from  municipal  or  power  company  stock, 
or  from  a  local  supplier.    since  these  agencies  maintain 
large  stocks,  the  airport  will  not  need  to  keep  its  own • 
the  same  cable  can  be  used  in  the  approach  lighting  system 
if  the  feeders  are  arranged  at  proper  voltage. 

Runway  light  circuits  should  be  looped  in  sections 
comprising  the  lights  on  both  sides  of  the  runway  section. 
Circuit  failure  will  then  cut  out  only  a  short  section  of 
the  total  length,  particularly  if  7  l/2  kw  regulators  are 
used.    it  is  easy  for  a  pilot  to  land  on  an  interrupted 
runway  light  system,  provided  the  gaps  are  not  great; 
whereas,  a  source  of  dangerous  confusion  would  be  intro- 
duced if  he  had  to  choose  one  or  the  other  side  of  a 
single  light  row  as  instructed  by  the  tower. 

individual  transformers  should  be  used  at  each 
approach  light  to  reduce  voltage  drop,  and  automatic 
circuit  breakers  should  be  an  integral  part  of  the  trans- 
FORMERS.   These  transformers  should  be  standard  rather 

THAN   SPEC  I  ALLY-MADE    ITEMS.      INDIVIDUAL    ISOLATING  TRANS- 
FORMERS SHOULD   BE   USED  AT  EACH   RUNWAY  LIGHT  TO  REDUCE 
THE   HAZARD  TO  MAINTENANCE  PERSONNEL  AND  TO  ELIMINATE  THE 
POSSIBILITY  OF   HIGH  VOLTAGE  ARCING    IN  CASE  OF  COLLISION* 
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Power  Requ irements 


Kilowatts 

Approach  Lights: 

3000-FOOT  INSTALLATION  200 
1000-FOOT    INSTALLATION  50 


Runway  Lights: 

200-foot  spacing;  2  KW  per  thousand  feet  i9 
iOO-foot  spacing;  4  KW  per  thousand  feet  i2 

(Totals  are  for  two  runways  only,  since 
only  two  will  be  lighted  at  any  one  time.) 


Tax i way  Lights: 

Modified  Runway  Markers;  2  KW  for  iO  lights  40 

(Spacing  variable;  to  be  used  on  taxiways 
to  and  from  28R  and  28L  only.) 

Regular  Taxi  Lights;  0.40  KW  for  iO  lights  24 

TOTAL:  345 


NOTE;    These  requirements  are  for  operation  at  i00%  bright 

NESS,  REPRESENTING  PEAK  DEMAND.  THE  LIGHTS  WILL  BE  OPERA- 
TED  AT    1 00%  ONLY  A   SMALL  FRACTION   OF   THE   TOTAL  ANNUAL  TIME 
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RECOMMENDATIONS 


AS   PREVIOUSLY   MENTIONED,    THE    LOWEST   MINIMUMS  CAA 
PERMITS   WITH    PRESENT    ELECTRONIC    AIDS    AND    HIGH  INTENSITY 
LIGHTS,   EVEN   UNDER   THE   MOST   FAVORABLE   CONDITIONS  OF 
AIRPORT  TERRAIN    AND    PILOT   EXPERIENCE,    ARE:      A  CEILING 
OF   200   FEET   AND    A    VISIBILITY   OF    I /2   MILE.  ACCORDING 
TO   METEOROLOG ICAL    RECORDS,    FOG    ( OR    LOW    STRATUS)     IS  THE 
ONLY   OBSCURING    AGENT   WHICH    PRODUCES    MORE  SEVERELY  RE- 
STRICTED  CONDITIONS    AT   SAN  FRANCISCO   AIRPORT.  CONSE- 
QUENTLY,   A   FOG    DISPERSAL   SYSTEM   CAPABLE    OF  PRODUCING 
THE    REQUIRED   MINI  MUMS    IS    A    NECESSITY    IF    TRUE    ALL— WE  AT  H  E  ~ 
OPERATION    IS   TO   BE  REALIZED. 

ON   THE    AVERAGE,    THERE   ARE    1 23   HOURS    PER   YEAR  WHEN 
FOG    REDUCES   THE    CEILING   TO   LESS    THAN   300   FEET  ANd/or 

the  visibility  to  less  than  3/4  m i le \  and  an  average  of 
96  hours  per  year  when  conditions  are  below  200  feet  and 
l/2  mile.     it  is  possible,  however,  for  conditions  to 
be  below  300  feet  and  3/4  mile  as  much  as  545  hours  per 
year;  or  below  200  feet  and  i/2  mile  as  much  as  4i2 
hours  per  year.    fog,  on  the  average,  lasts  4  hours;  but, 
on  rare  occasions,  it  may  persist  for  24  hours  or  longer. 


des i gn  pr  i nc  i ples 

the  burner  line  locations  and  thermal  outputs 
recommended  for  a  fido  installation  at  3an  francisco 
International  Airport  are  based  upon  design  principles 
developed  from  wind  tunnel  studies  of  scale  models  made 
during  the  war  at  universities  in  the  united  states  and 
England.    The  purpose  of  these  studies,  made  in  clear 
air,  was  the  determination  of  the  vertical  temperature 
distribution  produced  by  a  continuous  burner  line  in 
the  atmosphere  at  various  distances  downwind.     if  it 
is  assumed  that  the  limit  of  the  cleared  region  will 
coincide  with  a  clear  air  isothermal  surface  defined 
by  the  air  temperature  rise, at,  it  is  possible  to  cal- 
culate from  the  wind  tunnel  results,  the  probable  height 
of  the  ceiling  to  be  expected  from  a  given  burner  line 
in  a  given  wind  condition. 
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For  its  FIDO  designs  in  the  United  States,  AFA 
has  adopted  the  at  -  3°f .  isothermal  surface,    a  3°f •  tem- 
perature rise  represents  sufficient  heating  to  vaporize 
the  heaviest  fogs  likely  to  occur,  and  also  to  raise  the 
air  temperature  enough  to  accommodate  the  added  water 
vapor.     |t  was  shown  in  the  [vieteorolog i c al  analysis 
Section  that  the  heaviest  fog  likely  to  occur  was  one 
in  which  the  water  content  was  0.4  gms/m3.    The  follow- 
ing table  shows  the  increase  in  temperature  of  saturated 
air  necessary  to  vaporize  and  accommodate  the  indicated 
add  it  i  on  al  water: 

Fog  Liquid  Water  Content 

Air  Temp. °F.      0. igm/m3    0.2gm/m3    0.3gm/m3  0.4gm/m3 

30°  0.7°  1.4°  2.1°  2.8° 

400  0.6°  1.2°  1.8°  2.4° 

500  0.5°  1.0°  i.5°  2.0° 

60°  0.4°  0.8°  1.2°  1.6° 

THE  LOWEST  TEMPERATURE  RECORDED  IN  SAN  FRANCISCO 
SINCE  l87l  WAS  27°F.;  THE  LOWEST  TEMPERATURE  EVER  RE- 
CORDED at  the  San  Francisco  International  Airport  was 
300F.    Therefore,  a  3°  temperature  rise  is  conservative, 

PARTICULARLY  SINCE  THE  LOWEST  MONTHLY  AVERAGE  TEMPERA- 
TURE  TO  BE   EXPECTED   WITH   FOG    IS  40°F.      |N   MOST  FOGS  AT 

San  Francisco  the  At  -  i°F.  isotherm  will  more  nearly 

REPRESENT   THE   CEILING,   THE   ELEVATION   OF   WHICH  CONSIDER- 
ABLY  EXCEEDS  THE    AT  =  3°F.  ISOTHERM. 


Wind  Conditions  at  San  Francisco  Airport  During  fog 


Condition  Wind  Velocity  (per  cent  of  time) 

0-4  mph    5-9  mph    10  mph  &  over 

Ce iling  less  than  300t 

Visibility  less  than  3/4  mi.  579b  30$>  i3# 


Ceiling  less  than  200f 

Visibility  less  than  i/2mi.  64$  3\% 
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Only  iO/b  of  the  time  when  the  wind  blows  5  miles 

PER   HOUR    OR  MORE   DOES    IT   BLOW  FROM   A   DIRECTION  OTHER 
THAN    PARALLEL  WITH  RUNWAY  28.     WINDS  ACCOMPANYING  LOW 
VISIBILITY  CONDITIONS   RARELY   BLOW  ACROSS   RUNWAY  28  AT 
AN    ANGLE   GREATER  THAN   30  DEGREES. 


DESIGN  OBJECTIVES 

A  FIDO    INSTALLATION,   TO  BE    SATISFACTORY,   MUST  BE 
SMOOTH,    EFFECTIVE,    ECONOMICAL    IN    OPERATION.      TO  ATTAIN 
THESE   OBJECTIVES,    CERTAIN   FACTORS   MUST   BE    KEPT    IN  MIND 
IN    SELECTING   THE   EQUIPMENT,    AND    IN   ENGINEERING  THE  IN- 
STALLATION: 

( 1)  Instant  ignition 

(2)  Sharp  cutoff  to  prevent  dribbling  and  smoking 

(3)  Centralized  control  of 
I  a)  Thermal  output 

(b)  Ignition 

(c)  Fuel  supply 

(4)  Maximum  flexibility 


Design  Recommendations 

For  economy,  the  San  Francisco  fog  djspersal  instal- 
lation has  been  designed  to  clear  the  approach  and  runway 
in  two  minutes  of  operation;  it  should  be  burned  only 
during  the  two  minutes  prior  to  the  moment  the  plane 
crosses  the  runway  threshold.    Fuel  burned  at  other  times 
serves  no  useful  purpose,  since  the  heat  released  is 
dissipated  or  carried  away  by  the  wind.    additional  fuel 
economy  is  achieved  by  progressively  reducing  the  clear- 
ance height  from  a  maximum  in  the  approach  zone  down  to 
25  feet  (for  taxiing)  at  the  opposite  end  of  the  runway. 
From  the  entrance  into  the  clearance  area,  the  visibility 
along  the  runway  would  be  well  over  3/4  of  a  mile,  since 
the  burners  extend  the  full  length  of  the  landing  runway. 
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The  width  of  the  clearance  would,  at  the  minimum,  be 
approximately  850  feet,  far  exceeding  that  required 
by  pilots  using  i ls  or  gca . 


Burner  Line  Location 

The  placement  of  the  burner  lines  along  the  runway 
is  dictated  by  the  wind  conditions  accompanying  the  fog. 
if  the  wind  is  calm  the  best  burner  location  is  near  the 
runway.    when  wind  is  blowing,  the  best  burner  location 
is  upwind  of  the  area  to  be  cleared,  the  distance  upwind 
depending  upon  the  wind  velocity.    since  both  of  these 
conditions  occur  at  san  francisco,  the  fido  design 
represents  a  compromise  in  which  location  and  thermal 
output  have  been  adjusted  to  be  effective  in  either 
condition  without  excessive  fuel  expenditure,  and  to 
give  optimum  clearance  under  all  conditions. 

The  burner  lines  along  the  left  (south)  side  of 
Runway  28L  are  400  feet  from  centerline.    They  extend 
from  the  edge  of  the  bay,  iOOO  feet  beyond  the  thresh- 
old  OF   THE   RUNWAY,    TO  WITHIN  75  FEET  OF   THE   TAXIWAY  AT 

the  northwest  end  of  runway  28l  (see  the  drawing  at  the 
end  of  this  report).    the  maximum  thermal  output  recom- 
mended is  40  therms  per  yard-hour  at  the  approach  end, 
dropping  off  to  a  maximum  of  l5  therms  at  the  upwind  end 
where  only  taxiing  clearance  is  needed.    this  burner 
line  is  divided  into  8  sections  whose  length  is  dic- 
tated by  cross  taxiways  and  runways.    no  section  comes 
closer  than  75  feet  to  the  edge  of  a  taxiway  or  runway. 
This  should  be  ample  distance,  since  the  burners  will 
be  used  only  for  landings  and  takeoffs  on  28l,  and  there 
should  be  no  cross  traffic  at  these  times. 

The  burner  line  along  the  right  (north)  side  of 
28l  extends  from  the  edge  of  the  bay  up  to,  and  around, 
the  upwind  end  of  the  runway.    the  burner  line  of  the 
right  side  is  divided  into  9  sections  of  variable  lengths. 
This  line  is  450  feet  from  the  centerline. 
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RECOMMENDATIONS 


The  burners  on  either  side  of  28L  are  to  be  ex- 
tended  ALONG  THE   EDGE   OF  THE  FILL   AT  THE   SOUTH   OF  THE 

runway  and  perpendicular  to  the  centerl i ne  of  the  runway. 
Each  approach  end  burner  terminates  200  feet  from  the 
centerl  l-ne  ,  leaving  a  400-foot  gateway  for  landing 
planes.    This  is  ample  room  for  a  pilot  making  an  ILS 

OR  GCA   APPROACH.      THE   TURBULENCE    OVER   THIS   GATE  lOOO 
FEET  FROM  THE    END    OF   THE   RUNWAY   WOULD   NOT   BE  EXCESSIVE. 


Possible  Future  Extension 

The  lines  on  either  side  of  28L  should  be  installed 
when  the  runway  is  built.     If  an  additional  length  of 
clearance  is  desired  in  the  approach  zone,  sections  i 
and  2  (see  drawing)  can  be  extended  out  1 000  feet  fur- 
thur  into  the  approach  zone  over  the  bay.    such  extended 
lines  may  be  supported  on  piling  and  should  be  at  runway 
level.     it  is  not  recommended  that  these  lines  be  in- 
stalled now. 

when  the  traffic  at  the  san  francisco  international 

AIRPORT   BECOMES   SO   HEAVY  THAT  RUNWAY  28L   CANNOT  ACCOMMO- 
DATE   BOTH    ARRIVALS   AND   DEPARTURES,    A   BURNER   LINE  (AS 
SHOWN   ON  THE   DRAWING)    SHOULD   BE    INSTALLED   ON   THE  RIGHT 
(NORTH)    SIDE   OF  28R.      BOTH  28L   AND  28R   CAN   THEN  BE 
CLEARED   OF   FOG   BY   USING   EITHER  2   OR  3   BURNER  LINES. 


EQU I PMENT 

IT  IS  RECOMMENDED  THAT  A  VARIABLE  CAPACITY  SYSTEM 
BE  UTILIZED  IN  THE  SAN  FRANCISCO  FOG  DISPERSAL  INSTAL- 
LATION.   Each  burner  head  should  be  a  triad  nozzle  having 

A  MAXIMUM  CAPACITY   OF    1.5   GALLONS   PER  MINUTE.  THE 
SYSTEM  SHOULD   HAVE   A  MINIMUM  THERMAL   RANGE   OF  2  TO    I  TO 
ALLOW  ECONOMICAL   OPERATION   OF   THE   SYSTEM    IN   LIGHT  FOG 
WITH   CALM  WIND.     THE   TRIAD   HEADS   ALONG   A   BURNER  LINE 
SHOULD   NEVER   BE   SPACED  MORE   THAN   75  FEET  APART   SO  THAT 
FOG  WILL   NOT   DRIFT   BETWEEN  THEM. 
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Construct i on 

The  burner  line  should  be  laid  level  so  that  oil 
cannot  dribble  from  the  burner  heads  after  the  pressure 
is  released.     it  is  essential  to  leave  the  lines  full  of 
fuel  at  all  times  to  assure  immediate  ignition  when  the 
time  comes  to  light  off;  that  is,  when  a  plane  is  approxi 
mately  2  l/2  minutes  out  on  the  final  approach.     |n  this 
connection,  also,  a  return  gravity-feed  by-pass  to  the 
storage  should  be  provided  around  the  high  pressure 
pumps.    Through  the  by-pass,  the  pressure  can  be  ex- 
hausted  AND   ENOUGH  FUEL  WITHDRAWN  TO  DRAIN  THE  RISERS 

and  halt  combustion  quickly  at  the  end  of  a  burn. 

two  high  pressure  pumping  stations  are  to  be  lo- 
cated on  the  right  side  of  runway  28l  between  the  edge 
of  the  runway  and  the  burner  line  (see  drawing).  these 
pumping  stations  are  to  be  concrete  vaults  level  w  fth 
the  ground  and  covered  with  material  of  sufficient 
strength  to  allow  aircraft  to  cross  them  in  case  of 
emergency  without  damage  to  either  the  station  or  the 
plane.    Provision  must  be  made  to  keep  the  pits  dry  and 
well-ventilated.    when  the  pits  are  constructed,  space 
should  be  allowed  for  the  further  installation  of  addi- 
tional pumps  for  the  third  burner  line  north  of  28r. 

a  minimum  storage  capacity  of  250,000  gallons  is 
recommended .    this  storage  will  permit  a  minimum  of  80 
FIDO  operations.    However,  before  FIDO  is  installed, 
the  speed  with  which  additional  fuel  can  be  obtained 
should  be  determined;  the  storage  capacity  can  then  be 
adjusted  accordingly.    the  storage  area  has  been  lo- 
cated on  the  edge  of  the  field  near  the  coast  guard 
Air  Station,  with  an  alternate  location  not  far  from 

the  THRESHOLD  of  28L. 
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The  burner  groups  are  sect  i  onal i zed  by  high  pressure, 
hand-operated  valves  designed  for  adaption  to  remote  con- 
trol, if  needed.     { a  hand-operated  valve  is,  of  course, 
much  cheaper  than  any  remote  control  type  valve.)  these 
valves  will  normally  be  in  the  open  position.  should 
closure  ever  be  necessary  or  desirable,  there  should  be 
ample  advance  warning.    all  valves,  other  than  these 
sect  i  onal i  zed  valves,  must  be  actuated  through  remote 

CONTROL. 

ALL  VALVES    IN   THE    PUMP   PIT   ARE  TO   BE  REMOTELY 
OPERATED  BY  THE   TOWER    OR  FIDO   OPERATORS,    WHO  WILL  SYN- 
CHRONIZE THE    BURN   WITH    AIRCRAFT   ARRIVALS    AND  DEPARTURES. 

THE   HIGH    PRESSURE   BURNER   LINE    SHOULD   BE  FABRICATED 
OF   SEAMLESS   STEEL  TUBING.      TUBING    IS   ONLY  SLIGHTLY  MORE 
EXPENSIVE   THAN    HIGH    PRESSURE    PIPE,    AND  WILL   GIVE  LONGER, 
MORE    SATISFACTORY  SERVICE. 

THE   PUMPS   SHOULD    BE   CAPABLE    OF   DELIVERING  250 
GALLONS   OF   FUEL   PER   MINUTE   AT    l200   TO    1 500   POUNDS  PER 
SQUARE    INCH.      THEY   SHOULD   BE    DRIVEN   BY   ELECTRIC  MOTORS. 

THE  CIRCUIT  SHOULD  be  designed  so  that  one  motor  gets 
up  to  speed  before  the  next  can  be  started.    This  will 
reduce  the  power  demand  to  less  than  half,  and  in  turn 
reduce  the  power  cost.    six  250  gallon  per  minute  pumps 
are  needed  to  supply  the  installation  at  maximum  output, 
a  seventh  pump  should  be  added  as  a  standby. 

the  ignition  system  of  the  fog  dispersal  system  is 
to  be  automatic.  an  electrical  ignition  system  is  pre- 
ferred, in  which  either  a  hot  wire  coil  or  a  calrod  unit 

IS  USED. 
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A   LOW   PRESSURE    PUMPING    STATION  WILL   BE  NECESSARY 
NEAR   THE    STORAGE    AREA.     THIS   PUMPING    STATION   MUST  BE 
CAPABLE    OF    FURNISHING    1 500   GALLONS  OF   FUEL   PER  MINUTE, 
75  POUNDS   PER   SQUARE    INCH,    TO  THE   HIGH    PRESSURE  PUMP- 
ING  STATION.      LOW   PRESSURE   SUPPLY   PIPE   CAN   BE   USED  FROM 
THE   STORAGE   AREA  TO  THE    HIGH   PRESSURE   PUMP    STATION.  A 
SUITABLE    SYSTEM   OF  CHECK   VALVES    IS  MANDATORY. 


Weather  Measuring  Instruments 

it  is  recommended  that  tr an sm i ssometers  with  500 
foot  baselines  be  installed  for  measuring  clearance 
activity.    one  should  be  near  the  edge  of  the  bay  inside 
the  approach  burners,  and  the  second  alongside  the  middle 
of  the  runway,  also  inside  the  burners.    these  instru- 
ments will  give  constant  records  of  the  visibilities  in 
these  areas.    no  part  of  the  tr a n sm i ssometer  base  line 
should  be  closer  than  1 00  feet  from  any  burner  line, 
since  the  heat  shimmer  near  the  burner  heads  would  give 
an  erroneous  reading.    a  ce  i lometer  should  be  installed 
on  a  500-foot  base  line  along  the  extended  centerline 
at  the  middle  of  the  fill.    the  500-foot  base  line  de- 
parts from  normal  weather  bureau  practice;  but  accuracy 
in  the  measurement  of  low  ceilings  cannot  be  obtained 
any  other  way.    the  detector  mechanism  should  be  altered 
to  limit  the  scanning  cycle  to  the  lowest  500-foot 
section  of  the  projector  beam,  since  this  is  the  region 
of  primary  interest  in  low  ceiling  operations.  also, 
the  shorter  scan  with  a  modified  recorder  will  allow 
more  frequent  inspection  of  the  critical  area,  which  is 
essential  to  economical  use  of  fido 
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RECOMMENDATIONS 


Training  Program 

After  FIDO  is  constructed,  it  will  be  necessary 
to  train  ground  personnel  thoroughly  in  its  use  and 
maintenance  if  economical  operation  is  to  be  obtained. 
An  operations  and  maintenance  manual  should  be  developed. 
Careful  operational  records  kept  and  analyzed  periodi- 
cally TO    INSURE   THAT   OPERATING   TECHNIQUES  ARE  EFFICIENT 
AND   ECONOMICAL.      WE    SUGGEST   THAT   A    SERIES   OF  PRACTICE 
OPERATIONS  BE   CONDUCTED   AT    INTERVALS    IN  WHICH   PILOTS  CAN 
SIMULATE    INSTRUMENT  APPROACHES   AND   BECOME  ACQUAINTED 

with  San  Francisco's  FIDO.    Movie  records  should  be  made 

DURING  THESE   PRACTICE   PERIODS,    BOTH   ON   THE   GROUND  AND 
FROM  THE   AIR,    AND   THESE   FILMS   SHOULD   BE   SHOWN,   EITHER  AT 
THE   TERMINAL   OR  THROUGH   DISTRIBUTION   TO  THE  AIRLINES, 
TO  ALL   PILOTS   LIKELY  TO  USE  FIDO.      As   SOON   AS  FOG  OCCURS, 
THE   APPEARANCE   OF  FIDO    IN   LOW  VISIBILITY  CONDITIONS, 
BOTH   DAY  AND   NIGHT,    SHOULD   BE   FILMED   FOR  TRAINING 
PURPOSES. 
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LAYOUT  OF  INSTALLATIONS 


The  plan  shows  interim  and  final  locations 
of  landing  aids  recommended  for  the  san  francisco 
International  airport.    The  aids  and  their  loca- 
tions HAVE   BEEN  CHOSEN  WITH  THE   AIM  OF  PROVIDING 
MAXIMUM      UTILITY   AT   A  MINIMUM  EXPENSE   FOR  INSTAL- 
LATION  AND  MAINTENANCE. 


AVIATION  FACILITIES  ASSOCIATES 
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